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NOTICES 
Election of Members 


The following Members were elected at a Council Meeting held on September 
8th :— 
Associate Mellows.—Mr. H. B. Gledhill, Mr. C. Howarth, Captain A. B. 
Miller and Mr. R. H.. Walmsley. 


Temporary Honorary Member.—General A, Guidoni, R.A.1. 


Extension of the Activities of the Society 


A summary of the resolutions agreed to at the meeting which was held on 
September 15 is given on page 468. Detailed comments on the points raised 
and any further suggestions which Members may care to send in are invited. 


International Air Congress, Brussels 


Colonel the Master of Sempill, A.F.C., Associate Fellow, and Captain R. J. 
Goodman Crouch, Associate Fellow, will represent the Society at the Internationa! 
Air Congress to be held in Brussels from October 6th to roth. 


The Society's Prizes 

Members of the Society are reminded that the following prizes are offered 
by the Society. Full particulars of the conditions attaching to the award of the 
prizes may be obtained on application to the Society :— 

GoLp MEDAL. 

The highest honour which the Society can confer is its Gold Medal. This 
has been awarded, among others, to Professor Bryan, Mr. E. T. Busk, Mr. O. 
Chanute and the Wright Brothers. 

SILVER MEDAL. 

The Silver Medal is awarded annually for the best paper published in the 
Journal. 

Bronze MEpAL. 

The Bronze Medal is awarded for the best paper by a Student published in 
the Journal in any year. 

Wricut Memorial PREMIUM. 


The Wilbur Wright Memorial Lecture is held annually, a premium of fifty 
pounds being awarded to the lecturer invited by the Council to deliver the lecture. 
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R.38 MEMORIAL PRIZE. 

The R.38 Memorial Prize is offered annually for the best paper received hy 
the Society on some subject of a technical nature in the science of aeronautics, 
preference being given to papers which relate to airships. The prize is twenty- 
five guineas. Entries must be received by December 31st, and the closing 
date for papers is March 31st. 


EDWARD BuskK MEMORIAL PRIZE. 

The Edward Busk Memorial Prize is offered annually for the best paper 
received by the Society on some subject of a technical nature in connection with 
ieroplanes (including seaplanes). Its value is twenty guineas. The closing date 
for entries is September 30th, and the closing date for the receipt of papers is 
December 3 Ist. 

, PILCHER MEMORIAL PRIZE. 

The Pilcher Memorial Prize is offered annually for the best paper inaugurating 
discussion at a Students’ meeting. The prize consists of books to the value of 
five pounds. 


Library 

The following books have recently been received and placed in the Society's 
Library : Hargrave’s Papers, 1884—1909, bound with a Memoir by Mr. Berriman; 
L’Année Aéronautique, 1924-1925,’ edited by L. Hirschauer and C. Dollfus; 
‘* \bhandlungen aus dem Aerodynamischen Institut an der Technischen Hoch- 
schule Aachen,’’ edited by Dr. Th. v. Karman; ** Technical Report of the Aero- 
nautical Research Committee for 1923-4,’’ Vol. I., Aerodynamics (Models and 
Full Seale), Vol. Il., Scale Effect, Materials, Compasses, Engines, etc; and 
‘* The Principles of Sound Signalling,’’ by M. D. Hart. 

Members are reminded that they can borrow books from the Library between 
the hours of 9.30 a.m. and 5.0 p.m., or later by arrangement. Books will be 
sent by post on payment of postage both ways by the borrower. 


Lantern Slides 


The Society’s loan collection of lantern slides is available for the use of 
Members. 


The Month’s Arrangements 

Oct. 1, 5.30 p.m.—In the Library. ‘** The Technical Lessons of Six Years 
of Air Transport,”’ by Air Vice-Marshal Sir W. Sefton Brancker, 
K.C.B., A.F.C., Fellow. 

Oct. 15, 5.30 p-m.—In the Library. ‘* Aircraft Survey in Burma,” by Major 
C. K. Cochran-Patrick, D.S.O., M.C. 

ScoTTisH BrRancu.—Oct. 19.—In the Societies’ Hall, Royal Technical College, 
Glasgow. ** Research Problems in Airship Developments,’’ by 
Major G. H. -Scott, C.B.E., Associate Fellow. ; 

Oct. 29, 5.30 p.m.—In the Library. ‘* Aircraft Transport Economy,’’ by 
Mr. W. L. Cowley. ; 

Tuesday, Noy. 3rd, 7.0 p.m.—Joint Lecture with the Institution of Auto- 
mobile Engineers, at the Royal Society of Arts, 18, John Street, 
Adelphi, W.C.2. ‘* The Evaporative Cooling of Aero Engines and 
Condensation of their Exhaust Gas,’’ by Wing-Commander T. R. 
Cave-Browne-Cave, C.B.E., Fellow. 


J. LAURENCE Pritrcuarp, Hen. Secre tury. 


the 
whi 
as 


NOTICES 467 


ALTERATION OF RULES 


ihe Council have appointed a Committee to consider the revision of 
the existing Rules. Particular attention will be paid to those Rules which 
involve any alteration in the present subscriptions, and also any new Rules 
which may be necessary for the formation of a different class of member, 


as suggested in the Journal for August on page 399. 


Any Members of the Soc lety who have any suggestions fo make ag to the 


alte ration of R iles should Uritée im as q Is possibie Co thie Secretary. 
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SUMMARY OF THE PROPOSALS MADE AT THE SPECIAL 
MEETING OF THE SOCIETY HELD ON SEPTEMBER 15th, 
1925, IN THE SOCIETY’S LIBRARY. 


Proposed Graduates’ Section 

Consideration is being given to the formation of a Graduates” section tor 
those of good practical technical or flying ability who are not qualified fo 
Associate Fellowship. Graduates would have the full privileges of Technical 


be twe 


Membership except as regards the Journal. The fees will probably 
guineas per annum if the Journal is to be received regularly, or one guinea without 
the Journal. In the latter case the member may purchase at cost price one cop: 


of each issue of the Journal. 


Informa! Discussions 
It is proposed to hold Informal Discussions on subjects of detail. Each 
discussion will be opened by a short review of the subject, but the opening will 


net be the main feature of the meeting. 
The meetings will be held in the Library, probably at 6.c or 6.30 p.m. 


Members are invited to suggest suitable subjects for discussion, preferab!s 
with the name of one who would be prepared to open it. General suggestions 


as to these discussions are invited. 


Local Societies 


The proposal to form Local Societies, as outlined in the Journal for August, 
on page 399, will be discussed with the Society of British Aircraft Constructors 
and will be extended to Flying Clubs. 

The Council invite Members to discuss these proposals with those likely to 


join the Society and then to forward a reasoned expression of their views. 
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STEELS USED IN AERO WORK* 
BY DR. W. H. HATFIELD (BROWN-FIRTH RESEARCH LABORATORY, SHEFFIELD). 


Introduction 

Before proceeding, I wish to say that I much appreciate the invitation to 
present this paper to your Society. The science of aeronautics has evolved at a 
great pace, and typifies what can be done with applied science, and the tangible 
results are so apparent that it would be superfluous to discuss them. It would 
appear to me that the rapidity with which the efficiency has increased is due to 
the whole-hearted collaboration of the different branches of applied science and 
engineering, the honours being shared after giving first place vo the sporting 
instinct of the early fiver, by the physicist, the engineer, and the metallurgist. 
You will notice that my modesty places the metallurgist last. It is quite a 
confession to make, but it is a fact, nevertheless, that I accepted with pleasure 
your invitation to give this paper, principally because I have always taken a keen 
interest in the metallurgical side of aeronautics. It has been a pleasure to me 
during the war to be in intimate contact with many of the representatives of the 
\ir Services and with the engineers and metallurgists who have been, and are, 
actively working in this field, all obviously working with a keen desire to improve 
their technique from all standpoints. I hope this evening to discuss, and probably 
to raise, several points which I know to be of immediate interest, and at the same 
time trust to give some reliable data which I hope will be of service. As 
Metallurgical Expert to large producers of aero steels, I naturally fully appreciate 
that there are many points concerning the steels and their applications which 
merit very full discussion. To begin with, there is no direction in which it is so 
essential that a complete understanding of the properties of the material emploved 
should be obtained, or where it is more desirable that a quantitative knowledge 
and appreciation should be acquired of the work which the different parts are 
‘alled upon to perform. 

My lecture deals with the uses of steel in aeronautics, and I propose to 
commence by indicating two essentials : 

(1) The use of high-class material. 
(2) Scientific methods in works practice. 

High quality not only influences the composition of the final steel, but also 
directly influences the method of production. The best materials are usually the 
most expensive, and hence the more expensive the material the greater will be 
the care in practice in the production of the steel of which it forms the base. To 
begin with, it is undesirable in special alloy steels that the sulphur and phosphorus 
should exceed relatively low limits; particularly does this apply to sulphur, since 
inv sulphur which is present is present not really in the steel, but as sulphide of 
manganese “ mixed *’ with it as a separate non-metallic inclusion readilv observed 
by the microscope, and these non-metallic inclusions, /.¢., sulphides, ‘slag, etc., 
have quite a serious influence under particular circumstances. 

With regard to the necessity for scientific methods in works practice, I think 
that I shall have the support of evervone in my contention. If engineers 
responsible for the building of aeroplanes, aero engines, etc., are to obtain 
anything like the best results from the materials which are now available, it is 
necessary that they shall have some appreciation of the characteristics and 
properties of those steels. They should understand the reason for the various 
heat treatments, and should also appreciate the considerations which lead to the 
selection of any particular one as the means of placing the steel in the final 


Reprinted. Original report out of print. —Epiror. 
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condition in which it may be expected to do the best service. It will be apparen 
that accurate heat treatment, based upon the definite thermal phenomena 
associated with each particular steel, is essential, and this necessitates, in works 
practice, the use of satisfactory and properly-standardised pyrometers. Having 
obtained satisfactory pyrometers, it is necessary to learn to use them intelligently, 
and I will here point out that it is not enough to know that your pyrometer gives 
a correct reading when placed into a certain temperature. What is still moré¢ 
important is that the temperature recorded truly represents the heat of the part 
which is being heat-treated. That brings us to a consideration of the types of 
furnaces which may be employed, and here again it is necessary to use the very 
best types and the most efficiently-constructed and worked furnaces if homogeneous 
results are to be anticipated in the final product. Later in my paper I think it 
will be obvious that there are a number of very essential points which will arise 
quite sufficient to make it totally unnecessary for me to say any more with regard 
to the necessity of scientific methods. It will be quite clear that the engineer 
responsible for producing aeroplane parts should have a sound appreciation of the 
metallurgical side of the business. 

Before proceeding with a discussion of the constitution and properties of the 
steels emploved in aero work, I think it desirable that I should make a few 
comments upon the duties the parts have to perform, factors of safety, and lastly, 
on the means emploved in mechanically testing the steel. The last item seems to 
me to be extremely important, since every mechanical test is in the nature of a 
test to destruction, and if properly studied will give invaluable data with regard 
to the properties and behaviour of the material under stresses, normal anc 


abnormal, which are likely to be encountered in practice. 


Duties of Various Parts 


In deciding the class of material suitable for the various parts of anv machi 
J 


ne 
or structure, it is necessary to take very carefully into consideration the nature of 
the stresses which the parts have to withstand and the conditions under which 
they are called upon to work. Generally speaking, it is possible to divide them 
into two broad classes: 

(1) Parts subjected to stresses of a known nature and of fairly deters 


minable magnitude. 


These include steady, intermittent, and alternating stresses, and the parts 


concerned are those which have to take up the weight of the structure or te 


transmit forces directly consequent upon the generation and utilisation of power. 


(2) Parts subjected to sudden stresses of unknown magnitude, generally 


KS. 


described as ‘* shoc 
In applying this method of division to aeroplanes, it would appear that, whilst 
the wings and framework of the machine as a whole mav be subjected to stresses 


of the second class, such stresses can be, and are, to a large extent eliminated 


from the power plant. The aero engine, whether on the ground or in the air, is 
not liable to such sudden changes of load as a motor-car engine (owing to the fact 
that the engine and propeller can run at speeds not in a direct ratio to the forward 
velocity of the aerc 
ligl 


i } 


by the valves, and their driving 
mechanism (cams, cam shafts and tappets), and also by the valve seating. 


plane), and, incidentally, there is the absence of change-gears. 
Comparatively t shocks’ are suffered 

The wheels and landing chassis and, in a lesser degree, the fuselage and 
wings, are subject to shocks, although for the latter the spring suspensions 
transmit the forces more as live loads than as real shocks. 

Returning to the parts subjected to the first class of stress, the demand made 
upon these is very high. Not only do the stresses fluctuate considerably, but 
some ol the parts, such as cylinder and piston, have at the same time to withstand 
high temperatures as well as abrasion. All parts also have to encounter low 
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temperatures, and as to exactly what low temperatures have to ve encountered 
when the planes are up at high altitude in cold weather, I should like to receive 
information during the discussion. 

It is generally accepted that parts not subjected to shock should be produced 
with material having essentially a high elastic limit with just sufficient ductility 
to ensure non-brittleness, whereas for parts subjected to severe shock toughness 
is the more important feature. The division between the two classes of stresses 
is not very sharp, and in many cases a compromise would appear to be made 
between the two types of material. Bearing on this, it should always be 
remembered that all the parts under consideration are of relatively small section 
and lend themselves to very careful heat treatment, and the steels are worth 
studying with a view to determining exactly what properties can conveniently be 
introduced into such sections. 

In general design there is another quality which must not be lost sight of, 
i.e., the rigidity of the parts concerned. Parts which are not subjected to vers 
great forces, such as the crank case in a good design, must not have their 
dimensions so reduced as to make them very liable to change their shape. A 
high-tensile material in such a case is unnecessary, it being preferable to use a 
light alloy and increased dimensions. (Modulus of elasticity in steel varies very 
little indeed either by hardening, tempering, or modificaton of composition within 
the limits of those steels used.) 

The ‘* modulus of elasticity *’ of the material employed is a determining factor 
in the question of rigidity. A lower value of the ‘‘ modulus’’ means a greater 
elastic deformation under a given applied force, /.c., a reduction in ‘* stiffness,”’ 
unless the dimensions are also modified. Considering, for example, a flat portion 
of the shell of the crank case having uniform thickness, the ‘‘ stiffness ’’ of this 
part to resist forces applied at right angles to it is proportional to the cube of the 
thickness, while its actual strength is only proportional to the square of the 
thickness. These laws will apply approximately to the strength and stiffness o! 
the whole crank case. 

Thus, suppose a steel casing is replaced by one of aluminium alloy of twice 
the thickness, and suppose the safe stress of the latter in tension is one-third of 
that of the steel; then taking the values of specific gravity as 7.8 and 2.8 
respectively and those of Young’s modulus as 14,000 and 4,700 tons per square 
inch respectively, a flat portion of the aluminium alloy casing would have .718 
of the weight, 1.33 times the strength, and 2.66 times the stiffness of those of the 
corresponding part of the steel casing. 

A judicious insertion of ** stiffening “> webs on such a casing greatly adds t 
its rigidity. 


Comments upon Factors of Strengih* 


It has been pointed out on many occasions that the use of the term ‘‘ facto: 
of safety ’? is misleading, and vet the erroneous use of this term still continues. 
It would appear to me that a true ‘* factor of safety ’’ should be the ratio between 
the stress which may be safely applied indefinitely under the actual! working 
conditions to the stress actually emploved, and not the ratio of ultimate stress of 
the material under a static test to stress thought to exist in practice, as calculated 
from imperfect data combined with many doubtful assumptions. This latter ratio, 
whilst very useful in formulating empirical rules, should really come under a very 
different name, such as, for instance, ** factor of contingency,’’ already proposed 
by Mr. Lanchester. 

The actual values of this factor, emploved in modern design, have been 
arrived at largely by the method of trial. I would suggest that better results 


The factor of strength as fixed by the authorities is well known to be so many times. the 


load borne by the supporting suriaces during straight horizontal flight. 


XUM 


kk it 

rist 

art 
the 

the 
few 

tly, 

f 

ine 

of 

ich 

em 

Crs 

ti 

es 

ed 

ict 
a 

id 
de 

id 


172. THE JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


might be obtained, and fewer mysterious failures result, if the various contin- 
vencies to be allowed for are carefully examined and the ** factor ’’ placed on a 


more definite basis. A few of these contingencies may be mentioned. In the first 
place, I might mention low elastic limit as compared with maximum stress. The 


difficulty of measuring the true elastic limit militates against this fundamentally 
important figure being determined as frequently as it should be, and whilst 
mentioning this I would say that our ignorance as regards the properties of steels 
below the vield-point is, in my opinion, considerable, whilst of the properties 


between the vield and the breaking stress it is still greater. The Wohler 
phenomena also merit the most careful consideration. The rapidity of load is 


also extremely important. Variation of temperature, too, has a_recognisediy 
marked influence upon the physical properties of steel, whether reference is made 
to high temperatures or to low temperatures, and influence of the ranges 01 
temperature to which the parts have to be submitted in practice should be carefully 
studied as regards the effect upon the properties of the several steels under 
consideration and more use made of metallurgical research in this direction. 
Unequal distribution of stress, particularly near the shoulders, is a well-worn 
theme. It cannot be too often insisted that sharp corners, or shoulders with 
fillets of small radius, are bad design. Their evil effects are more marked under 
repeated stresses than under steady stress. The strength of a member may be 
reduced 50% or more due to this cause.* The reason is that local deformation 
may occur which is deadly when alternating stresses have to be incurred. 
Corrosion might also be carefully and profitably considered, particularly as regards 
seaplanes, where salt water has to be taken into account. Other items which 
appear to me to require more attention than they do receive are :- 

(1) The internal stresses left after forging and prebably also after heat 

treatment. 

(2) Non-uniformity of material. This particularly applies to non-uniform 
conditions produced in the materials by unskilful methods of manu- 
facture and heat treatment. 

(3) Non-reliability of material is extremely important, as IT shall no doubt 


illustrate to vou, and it should be borne in mind that here the 
methods of production and the care which should be taxen by the 
steel-maker are the important factors ; inclusions of slag, exaggerated 
sulphide inclusions, defects caused by unsatisfactory treatment in the 
forge, and last, but not least, hardening cracks. 


These items are extremely important, and admittedly, with possibly the 


exception of the last-mentioned one, outside the control of the engineer, but at 


he 


the same time they should be taken very seriously into account. more from t 
standpoint of insisting that the materials and treatments are of such a standard 
as he has a right to expect for such important work as that under discussion. 


Whilst discussing this question of factor of safety "> may I suggest that 


the several parts with which we have to deal in aero work are really sufficienth 
small to permit conveniently of numerous quantitative destruction tests, and if 
more of these were made the engineer would be better able, in a practical manner, 
to obtain definite data upon which further progress in design might reasonably 
be expected. After all, a designer endeavours to do that which is almost humanh 
impossible, viz., to take into consideration all the factors which enter into his 
particular product, whereas destruction tests do that automatically if properly 


designed. 


Parts in Detail 
In cases of failure it not infrequently happens that the metallurgist is called 
upon to state the cause of trouble. Now the first thing he must do is to form a 


Stanton & Bairstow, Proc. Inst. C.E., 1906, Vol CIXVI. 
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mental picture of the stresses in operation when the part was doing its work. 
This is rather an exacting demand, and I think it would be extremely useful il 
you engineers would endeavour to work out for vourselves, and incidentally fos 
the benefit of the metallurgist, definite quantitative maximum stress combinations 
to which your parts of varying design may in service be subjected. I now 
propose to qualitatively discuss one or two of the items, and hope the discussion 
will amend and extend any observations which are made. 


IRON-IRON -CARBIDE DIAGRAM 
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Phe crankshaft is one of the most important parts, and requires very careful 
study. No doubt engineers look with pride upon efficient designs, and yet even 
such fail at times. Now, if failure takes place, over-stressing has been a fact, 
whatever may be the ingenious argument of the designer, and hence—and this is 
i typical case—not only must one examine the design and material of the crank- 
shaft, but also, as my friend Mr. Dickinson* has pointed out, the influence of 
the various other items with which it is in operation. It 1s desirable that an 
engine should develop a steady torque, and that it should run as free from 
vibration as possible. This, we understand, is usually accomplished by a suitable 
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* Institution of Automobile Engineers, November, 1915. 
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one cylinder shall level up the irregularities in point of time in the development 
of torque by the others; (2) the inertia forces consequent on the high rate of 


revolution shall be so disposed as to give dynamic balance. These are two 
distinct requirements, and the satisfaction of one does not necessarily mean the 
satisfaction of the other. Modern design, however, appears to approach ver) 


nearly to ideal theoretical conditions in these respects. Attention must also be 
given to the fluctuation of torque, and to the ettects of inertia forces in the 
individual parts of the engine. In a multiple-throw crankshaft the variation of 
torque at the point near the portion just before the last crank may be from the 
maximum to zero, or to a negative value. If the shaft is of uniform strength, 
failure is to be expected at such a point rather than at the point where the stress 
is more uniform. Bending stresses due to overhanging propeller, ete., would, of 
course, modify this, and bending at intermediate points due to pressure on crank 
pin must also be considered. It is stated* that trouble frequently arises from 
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ABSORPTIONS AND EVOLUTIONS OF HEAT WITHIN THE STEELS DURING 
HEATING AND COOLING, 


Fic 


Size of Recalescence Piece = tin. by Sin. dia. 
Heating Curves. 
Cooling Curves. 
A Pure iron. 
B Case-hardening steel. 
C Carbon steel. 
I) High tensile steel. 
Air-hardening steel. 
Stainless steel. 
G 25% nickel steel. 
H Manganese steel. 


Burls, p. 137, ero Engines 
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insufficient stiffness. A certain amount of flexibility of the shaft under torque 
should be rather an advantage than otherwise, but it is essential that the crank 
case and bearings should be rigidly fixed so as to prevent undue bending action 
coming on the crankshaft. Accurate fitting is essential to provide this, and at 
the same time permit free rotation of the shaft in the bearings. 

Special care must be taken with the design of the connecting rod. The 
maximum stress it has to stand is practically that due to the direct pressure from 
the explosion. When this takes place the crank is nearly on dead centre, and 
the force is received as compression. Before the engine has got up speed the 
force‘in the connecting rod is practically all compression, Huctuating from zero t 
maximum. At full speed the inertia forces reduce the compression in_ the 
connecting rod at explosion and set up tension at other parts of the working 
evcle. The full range of variation of stress has to be considered, taking into 
account also the bending stresses due to centrifugal action and the possibl 
modification of stresses due to back-firing. The H section appears to be superior 
to the hollow tubular section in preventing buckling. Whichever shape is used, 
special care must be paid to the design of parts where the intermediate length ! 
joined on to the ends which form the bearings. The transition must be very 
gradual. Any abrupt change will cause concentration of stresses on local areas, 
which may lead to trouble. 

There seems to be an astonishing divergence of opinion as regards. the 
material best suitable for pistons, cast iron, steel, aluminium alloys all being in 
use at the present time. Cast iron appears to be superior in wearing qualities, 
and is found less lable to seize, though this may in part be due to the greate: 
rigidity obtained by employing greater thicknesses of metal, although at high 
temperatures cast iron is apt to distort and give out. One of the most important 
points is that the material of which the piston is made shall not deteriorate unde: 
the temperatures developed. I have on at least one occasion had definite 
indication that the piston-head had spent a considerable time in service above thi 


carbon change-point, (.c., above 730° C. Generally speaking, the fluctuations of! 


temperature during a cycle of operations takes place too rapidly for such changes 


to materially affect the temperature of piston or evlinder walls, except just at thy 
skin of the material. The possibility of attainment of extremely | 


| ugh loca 
temperatures at the skin depends largely on the ‘* thermal conductivity *’ and 
‘ specific heat ’? of the material, high values of these constants tending to reduce 
the fluctuation in temperature. 

When we come to consider evlinders here again rigidity of form is at 
important consideration, as distortion due to temperature may put unexpecte: 
strain upon the parts. Incidentally, different materials are unequally affectec 
in their mechanical properties with rising temperatures. 

One would like to discuss and see discussed the whole of the items with 
which we are concerned, but it is proposed to now leave this side of the subject 
and pass to the subject of mechanical testing. 


Mechanical Testing 

TrENstLe.—The most directly useful and most used mechanical test is) the 
tensile. The quantities usually measured are the vield-point, maximum stress, 
elongation per cent., and reduction of area per cent. 

For many steels the vield-point is nof a definite value, and the value put dow: 
for this item in a particular test depends on the personal factor and ideas of the 
operator. The method of determining the load which causes a sudden elongation, 
measurable with dividers, answers very well for a mild steel, but leaves a great 
deal to chance with the high-tensile materials—particularly when it is remembered 
that a pull of 65 tons per square inch on a 2in, test-piece will give 1/1ooin. elastic 
elongation. In how many works tests does the operator have the load run bacis 
from about the vield-point position to try if there has been permanent set? | 
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vield-point is to be taken as a guide as to the value of ** true elastic limit,’’ and 


if elastic limit is to be taken as the basis of design, then this quantity must have 
much more attention than it usually receives. 
: Maximum load, 
The ** maximum as generally understood, : 
; - original sectional area, 
can as a rule be determined exactly. What the maximum stress signifies 
may not always be the maximum stress of which the material is capable. 
It has been shown that it is possible with a ductile material,* by a simple 
modification of the shape of the test-piece, to make it withstand a higher stress 
than the maximum as ordinarily determined. It would be an interesting addition 
to the data usually obtained from the tensile test if the actual breaking load per 
square inch of reduced cross-section could be more frequently determined. There 
would be no difficulty in doing this with machines in which the adjustment of the 
jockey weight forward and backward on the beam is operated automatically. 

he elongation and reduction of area per cent., which are usually taken as 
measures of ‘* ductilitv,’’ do not always increase or decrease together, and 
therefore do not indicate the same property of the material. In a_test-piece 
which has suffered marked local contraction the possibilities of the material are 
indicated by that portion which has been most severely strained, /.¢c., near the 
fracture. Since the density of the material is almost unaltered by strain the ratio 
of increased length to original length of the material very close to the fracture is 
practically the same as that of original area to contracted area. Hence percentage 
reduction of area is a better guide to ductility than elongation, and has the further 
advantage of being less dependent on the length of the test-piece. 

It would be interesting to have that property of the material discussed which 
is Operating if there is considerable elongation taken up uniformly throughout 
the test Jength, /.e., without local contraction. The phenomenon may be due 
to the ** stiffening ** of the material under strain. Thus, if there should be 
slight accidental local extension accompanied by contraction, the increase oj 
strength resulting from the strain probably makes these portions stronger than 
the rest cf the test-piece, in spite of the reduction of area. The straining which 
follows, therefore, takes place on the less strained parts. It may be that a carefui 
study of the relationship between elongation and reduction might throw som« 
light upon the relative manner in which steels will respond to stresses above therr 
elastic limit. With materials which form a ‘‘ waist,’’ the ‘* stiffening ’’ under 

] 


strain may still take place, but not sufficiently to compensate for the reduction o 


rea. 

In comparing different materials, it is only safe to take values from tests on 
ars Of similar dimensions. The shape and size of test-piece affect in some 
Wy 


‘asure all the quantities involved. Particularly is it almost hopeless to attempt 


to obtain measurements of clongation and contraction of area from tensile tests 
on a strip of steel to be comparable with tests from bars; in the first place 
ecause of the variation in sectional area with the thickness of the sheet, and i 
the second place, because the test-piece is not properly machined and the results 
e materially affected by inequalities of any kind occurring on the exteriors o! 
sich: 
BENDING Trs1 Phe simple bend test is not appreciated, and is imperfecth 
understood. It may perhaps be useful to discuss it. If a square bar is bent to 
el sharp radius, elastic deformation ceases after a fraction of a degree of 
efle During the plastic deformation there is considerable change of shape 


of the cross-section of the bar at the plane of severest bending. The outside of 
he bend, which is elongated, naturally suffers reduction of area, both in width 
Phe inside of the bend, which is compressed longitudinally, receives 
bulging.’ The diagram shows the shape assumed by a rin. square bar of 
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mild steel when bent to 180°, the smallest radius of the inside of the bend being 


approximately fin. The local elongation of the outside of the bend approaches 
100%, (reduction of area 50%), decrease of width 299. The local compression at 
the inside of the bend is about 25°, with an increase of width of 42%. The 


surfaces of the bars are no longer plane, the transverse bulging on the inside ot 
the bend being very marked. As bending proceeds, the position of plane ol 


‘neutral stress *’ is displaced towards the inside of the bend. The material 
which formed the original axis of the bar is, at a later stage, well inside the 
tension portion of the section.* The angle to which a plain bar can be bent 
without fracture appears to depend on the ductility of the material. Thus, if the 


above-mentioned bar had only been capable of, say, 25% reduction of area, 
fracture would have commenced at about go° of bend. Providing very high 
tensile material (roo tons) can develop a sufficiently good reduction of area, othe: 
things being equal it will bend to 180°. 


BEND TEST 


1” SQUARE BAR RL 442, 


kia. 3- 


In Fig. 3 a bending test is illustrated drawn from an actual experiment. 
On the compression side of the bend several ** kinks’? will be noted, and the 
amount of deformation in structure is indicated in Micro. 2... Micro. 1 shows the 
general arrangement of structure before deformation. (The analysis of the 
material used in the experiment was: Carbon, 0.30% ; manganese, 0.58%.) This 
little test will indicate the intensity of local deformation which can be developed, 
and it only needs an alternating action to produce early rupture. 


Impact Trst.—Impact tests of the Izod and Charpy type were instituted with 
the object of detecting and measuring brittleness. The relative merits of 


materials in this respect are supposed to be indicated by the amount of energy 
absorbed in fracturing notched bars of particular form and dimensions. In the 
two machines mentioned the fracture is completed by a single blow from a 


swinging tup. These tests have the advantages that they are very simple in 
operation, and give easily observed values. The justification for their use, 


however, must lie in the amount of suceess which they have had in detecting 
brittleness of a dangerous nature, which was not already known or could not 
have been easily found from other tests, and of the use which they have been in 
preventing the employment of unsafe materials. In this respect the genuine 
usefulness of the tests remains to be demonstrated. 


* A. Martens, Materialienkunde fur den Maschinenbau 
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The tests are very sensitive. They give widely-varying results for different 
materials. Occasionally they give widely-varying results for the same material, 
and, in fact, for the same test-bar, the fractured sections being less than a couple 


of inches apart. The variability in the results for the same material, for no 
apparent cause, forms, in my opinion, a serious objection to the test. The 
possible causes of variation, however, are many. An important cause is 


inaccuracy in preparation of test-pieces. Extreme care is required to obtain exact 
dimensions, as slight errors give magnified differences in readings. Even with 
perfect test-pieces variation is, in my opinion, an unavoidable feature of the test 
owing to the incidental circumstance as to how the microstructure is situated 
relative to the bottom of the notch. In the Izod test the condition of the material 
close to the bottom of the notch is a vital factor in the test. However, a 
flaw in the material is not always indicated by a low impact value. It may be 
the cause of high impact value, as when a crack runs parallel to the notched face. 
It is, therefore, advisable to examine the piece after fracture for any indications 
of these flaws, and it seems to me that particulars of impact test results should 
include description, and, if it were possible, the area of the ruptured piece. 

After considering all the facts relating to impact tests on notched bars as at 
present carried out, I am convinced that too much reliance is often placed on 
them and a much too ready interpretation placed upon the results. A high value 
is given by a steel in ** good *’ condition, so 1 am told. But what, may I ask, is 
a good condition? From what standpoint is it ‘* good’? Is it because a 
maximum tempering effect has been obtained ? 

Examples could be quoted from practice of materials whose tests showed low 
impact values, but which worked satisfactorily over long periods under severe 
conditions. Until it is better understood what quality is really indicated by the 
impact vaiue, and what are the causes of variation, it seems not only unnecessary, 
but unwise to make too much of it. The tests may, in the future, perform an 
important service, but for the present the whole question should be left in the 
hands of unbiassed investigators, to determine the real meaning of the tests, and 
to say what their service shall be. They will probably find their true value as 
auxiliaries to the tensile test, and then their mysterious value will have become 
quantitative. 

A high impact value is usually obtained when the material is capable of 
absorbing considerable energy by ‘* cold work,’ and an examination of fractures 
shows that cold working does not take place uniformly throughout the material, 


but is confined to relatively small regions. The distribution in the amount of 
‘* work ’’ is surprisingly irregular. A severely worked portion may come almost 


in direct contact with an apparently unworked portion, the two regions being 
separated by a crack. It is difficult to trace the distribution of stress and strain 
which give rise to such a condition, but it seems reasonable to expect that when 
once a crack is formed it should become a surface of discontinuity with regard 
to subsequent straining. The position of the first crack and the direction in which 
it afterwards extends must be largely influenced by slight local variations in the 
physical condition of the material. 

In Fig. 4 is a diagram of an impact test-piece of wrought iron which gave 
an exceptionally high figure without being broken. You will notice the shape of 


the crack. In Micros. 4 and 5 this ruptured area is reproduced, and the 
foregoing remarks will be seen to be well illustrated. The well-worked material 


is only separated by a crack from material which is apparently undeformed. 


Harpxess Tests.—The resistance of material to penetration, as determined 
by Brinell and Shore tests, gives a convenient check on the quality of the material, 
and can be readily applied for detecting local differences not indicated by the 
tensile test. The standard form,of the first of these tests involves the determina- 
tion of the size of permanent impression left after pressing a hard steel ball, of 
standard size (10 mm.), into a sample of the material at a plane surface, by a 
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nt stated pressure (3,000 kilograms). The hardness number is taken as the pressure 
al, per square millimetre of this spherical area. 
le In the Shore Scleroscope test the height of rebound is measured by a small 
no diamond-tipped hammer falling from a standard height on to a prepared horizontal 
he surface of the material to be tested. The hardness number which is indicated on 
1S the scale is proportional to the height of rebound. In this test a permanent 
ict impression is left on the face of the material, similar to but on a smaller scale than 
th that of the Brinell. The reading of the machine depends on the ratio of the 
st amount of energy absorbed in elastic deformation to that absorbed in plastic 
ed deformation. In distinction to the Brinell test, the actual pressure applied by the 
ial hammer in the Shore varies with the hardness of the material tested. 
a 
be 
e. 
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ne Fig. 4. 
of The two types of test agree fairly well with each other, and in some ranges 
eS with the maximum stress from the tensile test. This general agreement, even in 
al, a limited range, is useful in suggesting whether the tensile figures denote a proper 
of test or a premature break due to flaws. When, however, we consider the whole 
st range of mechanical properties in steel, the relation between the two tests and 
ng between each test and the tensile is not very rigid. The hardness numbers are 
in not proportional to each other, although the Brinell number and maximum stress 
en agree somewhat in this respect. 
rd The whole question as to the real meaning of ‘* hardness’? is under con- 
ch sideration by various experimenters, including an important Committee of the 
he Institution of Mechanical Engineers, whose results will probably elucidate much 
f the vagueness at present attached to this term, The scleroscope hardness, and 
i to a lesser degree the Brinell hardness, no doubt depend to some extent on the 
ee" elastic properties of the material, but I] would take this opportunity of cautioning 
a engineers against looking upon, say, the Brinell as a substitute for the tensile 
ial test. 
It has already been shown that there is very little agreement between hardness 
as determined by these methods and wear resistance, or machining properties o! 
ed material, which properties therefore require special tests.  Brinell hardness 
al, incidentally is not an infallible guide as to machining properties. 
he When dealing with hardened steels, the Shore is much more reliable than 
\a- the Brinell, but really only applies to plane surfaces. 
of ALTERNATING STRESSES.—The majority of engine parts are subjected to 
Bh alternating or fluctuating’ stresses. Many experiments have been made, in 
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extension of the original experiments of Wohler,* to find the endurance of 
material under such stresses in direct tension and compression, bending, and 
torsion. These have shown that the maximum sale stress depends on the range 
and speed of fluctuation, and have given rise to the approximate rule that }y 
adding the *‘ range’ of stress to the stress at the maximum end of the ** range ”’ 
we gct an ‘* equivalent steady stress.’’ Any such rule is only approximate, and 
from the special point of view of the aeroplane designer who wishes to get the 
best possible service out of the material consistently with safety, it is desirable 
that repeated stress tests shovld be made on all materials with which he has to 
deal which undergo such stresses in working. Such tests, however, would take 
up much time and attention. 

Protessor Arnold’s ** Alternating Stress Tests,’’ which can be carried out in 


a few minutes, combine the effects of alternating stress and shock. The actual 
stress emploved is unknown. The test-bar is fixed at one end, and by forces 
applied near the other end the bar is bent backwards and forwards through a 
definite distance, outside the elastic range, at a detinite speed. The number of 
alternations withstood before fracture is taken as a figure of merit for the 
material. It is, however, noteworthy that the value usually decreases as_ the 


maximum stress increases, but this I think would be expected. 
The Stanton repeated impact machine applies alternating shocks to a notched 


test-bar. The energy of blow is derived from the falling of a small hammer. 
The height of fall can be varied at will, but is kept constant during a test. The 
number of blows struck before fracture is automatically recorded. The total 
energy absorbed in producing fracture can be easily calculated. This test would 


appear to offer useful data to the engineer. 

Torsion Test.—This form of test seems to me to be of particular interest 
to aero engineers, and I am rather astonished that more attention has not been 
given to it in tts simple form and many possible modifications. 

Any shaft which transmits power suffers ‘* torsion,’> and the natural method 
of testing the strength of such a shaft or of the material of which it is mad 
should be by torsion. The amount of ** torsion’? acting at a section of a shaft 
or test-piece is the total moment, about the axis, of the forces tending to twist 
one portion relatively to another at that section. 

The stresses due to torsion over a normal section of a cylindrical bar are 
pure shear. For a solid section the shear stress (within elastic limit) is maximum 
at the skin of the material, and decreases uniformly to the centre where it is zero. 
The range of variation of stress is reduced by making the section hollow. 

The stress-strain diagram for the torsion test shows little, if any, ‘* droop ”’ 
from the maximum twisting moment. This is due to the absence of local 
contraction as it occurs in the tensile test. The plastic deformation in the torsion 
test takes place almost uniformly over the length of the parallel portion. The 
maximum stress in shear for any material is usually about 60-70 per cent. of the 
maximum tensile stress for that material, but the ratio is by no means a fixed 
quantity ; hence the necessity for separate tests. 

The total angle of twist to fracture per unit length of test-piece is a good 
criterion of ** ductility ’? of the material. 


The Steels Used in Aero Construction 

In giving a paper of this kind it is totally impossible to deal adequately with 
the different steels that are now being used in this field, and the best that one 
can do is to take and discuss a few typical ones. For instance, for case-hardening 
purposes three or four different steels may be used, sometimes a plain low carbon 
material, at other times say a nickel or a nickel-chrome steel. When we come 
to consider high-tension steels many people swear by nickel-chrome steel, but 
under this term ‘‘ nickel-chrome ’’ quite a large range of analysis is included; 


Unwin’s Testing of Materials. 
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again, some people successtully employ chrome-vanadium: steels. To consider 
' air-hardening steels, the term ** air-hardening “* applies to a range of steels, and 
nd the only thing to do ts to take a typical one as an example. Looking at matters 
> broadly from this standpoint, | have selected a series of steels which, on detailed 
y discussion, will, I think, give an accurate idea of the large range of composition, 
cf coupled with the physical and mechanical properties, which are now available for 
a purposes such as the one under discussion, In the follow ing table will be found 
le a list of the steels with which it is proposed to deal, together with their 
approximate Composition :— 
to Mangan- Chrom- Vanad- Tung- 
ke . Steel Carbon. ese. Nickel ium ium. — sten. 
(1) Case-hardening Steel. Carbon O.12 0.7 — — 
In (Nic kel O.2 5-0 
val (2) Carbon Steel... 0.0 
es (3) High-tensile Steel. Nickel-Chrome 0.35 O.4 3-0 0.6 — 
a (Chrome-Vanadium 0.35 o.4 0.0-1.0 0.16-0.25 
ot (4) Air-hardening Steel. On4 4.0 = 
he (5) Stainless Steel. 0.3 o.4 13.0 
he (6) High-Nickel Stee] 25-0 
(7) Magnet Steel ... 0.6 5:5 
er 
he It will be noted that silicon, sulphur, and phosphorus are not included in 
tal the table. With regard to silicon, it is now generally admitted that a fair 
ld percentage of this element is an advantage, owing to its utility in deoxidising 
and in assisting to produce sound material. When we come to consider sulphur 
est and phosphorus, it is well that I should emphasise that these elements should be 
en as low as circumstances permit. Whilst discussing these steels from a general 
standpoint, | must draw your attention to the fact that if vou pay the price of a 
od special steei it is necessary that vou should submit it to its special treatment if 
ude you are to get the value for the money which vou have expended. For instance, 
att cases have come before me where expensive steels have been bought and merels 
ist forged and dealt with as if they were ordinary carbon steel, In the first place 
they should not be treated as ordinary steels in the works, because they will 
ure require working with special care and can easily be damaged, indeed put into a 
Lm) worse condition than ordinary steel; and in the second place, unless they are put 
ro. through the special treatment which their constitution needs, the resulting 
mechanical properties fall very far short from what they should be. It would 
»” perhaps be useful to give an example. In Micros. 6, 7, and 8, a definite illustration 
cal is given showing the condition in which a 3% nickel steel was actually put into 
lon work with a companion photomicrograph showing the condition in which it 
‘he should exist. 
the Before discussing the particular properties of individual steels, it will perhaps 
ced be as well to explain the changes taking place at the critical change-points which 
occur steel by means of series of heating and cooling curves, since the 
rod thermal phenomena is of such fundamental importance. 
Thermal Phenomena of Steels 
. Pure TRON (CARBONLESS).—If a sample of pure iron be carefully studied it 
ith will be found that upon heating the specimen up to a temperature of 1,000° C 
ne two distinet arrests of the otherwise regular rise in temperature will have been 
Ing noticed. The explanation is that fundamental changes have taken place in the 
mo material at those arrests, accompanied by an absorption of heat, v.e., energy 
ae required to accomplish the changes referred to. Curve A, Fig. 2, indicates 
but diagrammatically the nature and position of these changes. The first arrest at 
ed; 770° ©. marks the appearance of the non-magnetic condition; the second at 
a 930° C. marks an allotropic change in the material, accompanied by change in 
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several properties. On cooling down the arrests are replaced by corresponding 
evolutions of heat representing converse changes. Pure iron is of little immediate 
interest to you, and may, therefore, be dismissed after these preliminary 
comments. 

CarBoNn STEELS.—If, now, a little carbon be added to iron and, say, a Casc- 
hardening steel is produced, the heating and cooling curves become modified. 
Curve B, Fig. 2, illustrates the result. In Micro. 3, which illustrates the 
structure of a carbonless iron, it wil! be seen that we have present only ferrite 
(pure iron) crystals, whilst in Micro. 9, illustrating the structure of a Case- 
hardening steel, it will be seen that we have present in small proportion the new 
dark etching constituent ** Pearlite.’’ This pearlite, existing at ordinary tem- 
peratures, is a mixture of iron-carbide plates and iron. When a temperature just 
over 700° C. is reached this constituent changes into a homogeneous substance, 
i.e., a solid solution of carbide of iron with an absorption of heat resulting in an 
additional arrest on the heating curve non-existent in the case of pure iron. — It 
will be noticed that the magnetic change still occurs at the same temperature, 
whilst the allotropic change, .\c3, occurs at a distinctly lower temperature. — It 
may also be pointed out that as the temperature rises alter passing the carbon 
change-point, the areas of solid solution increase owing to the solution of more 
and more ferrite in the original solid solution areas, and finally, in passing: the 
allotropic change, the whole material becomes a homogeneous dilute solid solution 
of carbide in iron. On cooling, the reverse changes take place at the temperature 
indicated in the Curve B, Fig. 2. On reaching ordinary temperature, providing 
adequate time: for cooling has been allowed, the material is as betore the 
experiment. 

To take now a o.6 carbon steel. The microstructure of such material is 
shown in Micro. 11. It will be seen that the major portion of the material now 
consists of the constituent pearlite, and thus it might be expected that the carbon 
change-point becomes still very much more evident and that the other critica 
points associated with a pure iron are very considerably lowered as regards the 
temperatures at which they occur. A heating and cooling curve for such a steel 
is given in Curve C, Fig. 2. It will be seen that the upper critical points have, 
ven lowered to and jointed up with the carbon change- 
point. It will be noticed that the absorption of heat, synchronising with th 


for practical purposes, | 
formation of the solid solution on heating, takes place at about 730° C., whilst 
on cooling the evolution of heat associated with the breaking down of the solid 
solution takes place 20° to 30° lower. 

TRON-CARBIDE DIAGRAM.—It was thought useful to include the Iron-Carbid 


Equilibrium Diagram, and this is given in Fig. 1. Its practical application w 


now be quite apparent. It will be seen to deal with iron containing carbon from 
nothing to 5.0%, t.e., it covers the range from iron-carbon steels to pig iron, and 
diagrammatically presents a mass of useful facts. If the arrests during cooling 
of an infinite number of pure iron carbon alloys covering the range of the diagram 
from 1,600° C., t.e., well in the liguid state, are plotted, the lines presented will 
be obtained. This is rather an over-statement, since the lines \.D. and I.D. hav 
had to be confirmed by other methods. It is, however, no part of my presen 
paper to discuss the theoretical details of this diagram. There are, however 
three main lines to which | wish to draw your attention: (1) The line \-B, 
indicating that by increasing the carbon content the freezing point is dropped 
from 1,506° C. for pure iron to 1,137° C. for the eutectic, 7.e., pure pig) iron. 
This is the explanation of the low melting point of the cast irons. (2) The E-G-] 
indicating that the solid solution (single constituent) persists to progressive 
lower temperatures until the material contains 0.9°% of carbon. The. case: 
hardening and carbon stcels recently dealt with mav be considered from. this 
standpoint. (3) The line I-] extending completely across the diagram, which 
indicates that in the pure iron-carbon series the solid solution breaks down inti 
pearlite at practically the same temperature. 
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Micro 1. Etched x 100. 


Mild Carbon Steel. 


Micro 2. Etched x 50. 


Illustrating Bend Test. 
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Micro 3. [Etched x 100. 


Pure Wrought Iron. 


Micro 4. Etched x 25 


4 > 


Ilustrating Impact Test. 
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Micro 5. Etched x 100 


Iustrating Impact Test 


Micro 6. Etched x 100. 


Badly Worked and treated Nickel Steel. 
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Micro 7. Etehed x 100. 


Improperly Treated Nickel Steel. 


Micro 8. Etched x 500. 


Properly Heat-Treated Nickel Steel. 
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Micro 9g. Etched x 300. 


Case-hardening Steel. 


Micro 10. Etched x 25. 


Carburised Outer Layers of Cased Specimen (Unhardened). 
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Micro I:tched x 100. 


Carbon Steel {Forged Condition) 


Micro 12. Etched x ioo. 


Carbon Steel (Normalised Condition). 
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Micro 12. Etched x 5C0 


Under Tempered High Tension Steel. 


Micro 14. Etched x 500. 


Properly Hardened and Tempered High Tension Steet. 
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Micro 13. [itched x 500. 


Hardened Air-hardening Steel. 


Micro 16. Etched x 500. 


Annealed Air-hardening Steel. 
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Micro 17. Etched x 500. 


Hardened Stainless Steel. 


Micro 18. Etched x 500. 


Tempered Stainless Steel. 
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Micro 21. Etched x 50. 


Strong Cast Iron. 


Micro 22. Etched x 50. 


| Weak Cast Iron. 
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Micro 23. Etched x 500. 


Sheet Steel. 
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Curves A, B, and C, Fig. 2, will be found to fit in with the equilibrium 
diagram, always remembering that the latter is built upon the covling curves. 
It is perhaps wise to here place a caution with regard to the position of the lines 


shown on the diagram. The position of these lines will be found to be affected 
by the manner in which the cooling curves are made. In the first. place, 


absolutely correct calibration of the pyrometer must be obtained, and in the 
second place it must be understood that (1) size of mass, (2) speed of heating and 
cooling, (3) degree of maximum temperature attained during the heating, all 
actually influence the temperature at which the physico-chemical changes take 
place. In illustration of this point, we cannot do better than instance the results 
contained in a paper given by Dr. Stead, F.R.S., at the Brussels Meeting of the 
Iron and Steel Institute in 1913. Dr. Stead prepared a number of test-pieces 
containing practically nothing but iron and o.go°% of carbon. This, as will be 
seen from the diagram, should have only one arrest on heating and one evolution 
of heat on cooling ; therefore it was an extremely suitable steel for comparative 
determinations. One cach of these bars was sent to contemporary metallurgists 
and institutions and results obtained for comparison. It may be stated that the 
figure given for the absorption of heat on heating covered the range from 719 


to 746° C., whilst on cooling the change was variously stated from 697° to 719° C. 


It should be noted that the remarks made in the last paragraph apply even more 
to allov steels, such as used in vour work, than to ordinary carbon steels. After 


commending the equilibrium diagram to the careful attention and study of all 
interested in the heat treatment of steels, [now propose to leave it for the present. 


NICKEL-CHROME STEELS.—If other elements, such, for instance, as man- 


_ganese, silicon, chromium, nickel, tungsten, vanadium, etc., are added to steel, 
S 


the position and character of the arrests on heating and the evolutions on cooling 
such steels are apt to be modified. To take the steels D and E, Fig. 2—the 
nickel-chrome high-tension and air-hardening ones. The change to solid 
solution state with absorption of heat takes place at approximately the same 
temperature on heating, but on cooling the breaking down takes place at a much 


lower temperature. Here is the explanation of the value of added nickel and 
chromium to a steel. It makes the carbon change more sluggish, i.e., more 


easily controlled and suppressed, and here lies the explanation of the reason why 
such alloy steels may be hardened in larger masses and here also is one of the 
explanations as to why such excellent physical properties can be obtained by heat 
treatments. The added element usually brings about its influence by modifving 
the chemico-physical properties of the iron and carbide. With the nickel and 
chromium content of air-hardening steels, the speed of cooling produced by. air- 
cooling is quite quick enough to suppress the carbon change and present the 
‘solid solution ** state, whereas water-quenching is only effective more or less 
with carbon steels, according to the mass employed. 

HiGu-CHrRoME STEEL (STAINLESS).—In Curve IF, Fig. 2, will be found the 
heating and cooling curve of the high-chromium steel. Here the change to the 
solid solution state does not take place until about Soo° C., and consequently if 
it is desired to harden such steel it must be heated to considerably higher tem- 
peratures than ordinary carbon steels. Again, upon cooling (and here it may be 
pointed out that this is an air-hardening steel), the change from the solid solution 
state takes place at varying te mperatures, according to the maximum temperature 
to which it has been heated; the speed of cooling also affects the position of the 
recalescence point. If slow enough, the change takes place soon after "00: -G 
have been passed. 

25% NICKEL STrEL.—See Curve G, Fig. 2. This steel is unique in that the 
critical points do not occur in those ranges of temperature met with in 
practice, providing the composition under discussion is secured. The result. is 
that no arrests or absorption are observed during heating and cooling, and we 
have, therefore, only to deal with the solid solution state, modified in. properties 
by the presence of 25°% of nickel. It will be seen at once that it is this fact which 
explains the non-magnetic properties of this material. 


We 
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HiGH-MANGANESE STEEL.—See Curve H, Fig. 2. Here we have a_ ste 
which has no arrest upon cooling, we obtain again the solid) solution,’’ 


this time containing 12 to 14% of manganese, which, if well preserved, i.e., 


cooled with suthcient rapidity, is also non-magnetic. Recent researches by Sir R. 
\. Hadfield have, however, shown that such a steel after tempering (which in 
this case hardens the does develop a definite arrest in the usual position of 
the carbon change point: hence the dotted indication. If the steel be heated up 


without tempering, ordinary observations would not detect an absorption of heat 


it the critical point. 


Typical Steels Discussed 


In the adjoining table will be found a list of the tvpical steels, with the 


mechanical properties which may be expected from them: 


APPROXIMATE MECHANICAL PROPERTIES OF TYPICAL STEELS USED IN 
\ERO Work. 
Imp 
Steel, rreatinent M.S RA Izod). Remarks. 
(1) Case-hardening Steel 


Carbon «as supplied : 20.0 30.0 30.0 65.0 
Case-hardened Core 24.0 25.6 25:0 60:0 
Nickel as supplied 25,0 30:0 35:0. 65-0 
Case-hardened Cor 35-0 50.0 E 55-0 
(2) Carbon Steel 
: 
forged Ol Rolled 25.0 2.0 22.0 
Normalised 22.0 27:0 50.0 
(3) High-Tensile 
(4) \ir-hardening Ni-Cr. 
\ir-hardened 100.4 10.0 20 
Oil-hardened and Fempered 50.0 55.0 22.0 5:0. 
(5) Stainless 
Oil-hardened and lempered 10.0 50.0 20.0 55.0 ss Rustless 
2s Nit kel 
7) Manganese Sheet Steel 
Poughened 1G.0 33.0 Bend double. 
RQ) Sheet Steel 
High-tensile (annealed 20.0 2G 
Oil-hardened and Tempered 35-0 48.0 
Low-tens le (heat-treated 20. ¢ 20.0 
Cast Iron 
Pearlitic 16.0 
Ferritic 12.0 


lo take different types of steels now in detail 


CARBON STEELS.—Carbon steels are of cenera] interest because thev constitute 


the major portion of steel produced and also incidentally because they afford 
means of comparing the alloy steels. Plain carbon steel—and by that term we 
mean a steel to which nickel, chromium, vanadium, tungsten, ete., have not been 


| for the production of 


intentionally added—is used, to take a particular 


iero-cvlinders. steel is) generally carbon, and will give 
approximately a tensile strength of 40 50 tons with an elongation of 17-20%. 
It has from time to time been questioned whether evlinder forgings require 
normalising 


g, and in my opinion I would say that it is strongly advisable to put 
them through this treatment to dissipat any stresses left from the forging or 


punching operation, (See Micros. 11 and 12 for change in structure produced. 
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If the finishing temperature be a suitable one, this precaution may not be 
necessary, but it is perhaps best as a safeguard. As illustrating generally the 
properties of carbon steel, one cannot do better than include the series of tests 
given before the Iron and Steel Institute some few years ago.* In the following 
tables will be found the tensile test figures obtained from steels (made in this 
instance by the Acid Bessemer Process) varying from 0.1 to 0.86% of carbon, 
whilst the manganese varies somewhat between 0.5 and 1.0%. The figures 
(tensile test-bars .564in. x 2in., heat treatment on iin. bars) are given for the 
forged and normalised cordition, since such steels are not submitted to the same 
treatment as alloy steels :— 


As RECEIVED (ROLLED). 


Analysis Yield- Maximum Elonga- Reduction 
Point. Stress tion ot e100: 
Carbon Mangan- Tonsper Tons per on Area —_— 
Mark. : ese /.. .sq.inch.. sq. itich. 2 ins M:S. 
0.56 19.1 25.9 63.4 
0.68 26.7 35.8 58.9 74.6 
( 0.92 3656 25.0 46.5 65.0 
0.67 | 39.9 26.6 17.8 68.0 
E 0.44 16.6 43.2 65.9 
0.50 0.92 30.6 19.8 58.6 
0.90 34.7 59-0 34.6 55.8 
0.92 36.6 64.2 30.6 57-0 
. ©.86 1.03 40.6 5256 1.8 
NORMALISED. 
0.56 18.5 24.8 37.4 59.8 74.0 
b. 0.68 25.0 20:5 =7,2 732.0 
19529 2537 10.8 20:3 53.5 63.0 
0.67 29.3 24.0 44.4 65.0 
0.gO 28.4 48.1 21.0 41.8 59.0 
0.92 30.6 52.3 18.8 38.2 58.5 
G 0.70 O.gO 35-7 59-4 15.9 29.0 60.1 
0.92 35-9 65.4 10.8 54-9 
0386 1.03 39.0 54-5 2.9 71.6 


It might be useful to here discuss the changes which take place in carbon 
steels on heating and cooling, and as illustrating the general changes I propose, 
although carbon steels have already been partly discussed from this standpoint, 
to take two particular steels, viz., a .25° carbon as representing an ordinary 
structural steel and a .60% carbon as representing the steels used for purposes 
with which you are familiar. To study a steel of .25° composition, we can 
advantageously draw a line on the Iron-Carbide Equilibrium Diagram, Fig. 1, 
in the position S-T. Starting from the liquid condition of the steel, we shall find 
that freezing commences at a temperature of a little under 1,500° C., followed by 
complete solidification at the line A-D. The mass then exists as a solid solution 
down to practically Soo° C., at which temperature pure iron crystals begin to 
separate, and continue so to do until the line L-I is reached. Above 800° C. we 
have the mass consisting entirely of solid solution of carbide of iron in iron. 
Below that temperature the iron crystals gradually increase in size and number 
with falling temperature, the solid solution areas becoming richer in carbon 
owing to their loss of iron, until at the line L-I the mass consists of less than a 
third of solid solution containing 0.89% of carbon distributed through a matrix 
of ferrite. On passing through the critical point marked by the line L-I, these 
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remaining solid solution areas break down and become areas of pearlite. T! 

line K-G is usually placed in the diagram, and represents an evolution of heat 
which is known to synchronise with the appearance of the magtietic properties 
of iron, it will thus be appreciated that when the steel passes through the 
temperature of 770-760° C., the ferrite, already precipitated, becomes magnett 

It is also to be noted that this only applies to the precipitated iron, as the iron ol 
the solid solution retains its non-magnetic condition down to the recalescence point 


line L-I, which marks the charge to pearlite in these areas. 


ke a o0.60°% carbon steel and study it by means of a line U-V drawi 
d ‘am, we find considerable modification in the temperatures it 
ritical changes take place. The initial freezing temperature begins a 


little lower, and is followed by complete solidification on reaching the line A-D 
Phe whole mass, consisting then of solid solution, cools down as a homogeneous 
| O Just OV 730 «6©C., at which temperature some little iron separates 


from the solution. Within 20-20°, however, the mass of the steel still consisting 


of solid solution breaks down into pearlite, and the result is that we have a steel 
now consisting of pearlite, in which small areas of ferrite occur, as against, in 
the .25°,, carbon steel, one consisting of ferrite in which relatively small areas 
pe iT () I 
High-Tensile Steels 

When we speak of high-tensile steels we mean alloy steels containing suitab 
quantities of nickel, chromium, vanadium, ete., which by simple heat treatment 
may, in suitably large masses if necessary, be put into such conditions that the 
will give 50 to 70 tons tensile strength, accompanied by a good elongation. 

fo produce the final condition of a high-tensile steel, the steel must be first 
hardened with a view to producing a homogeneous solid solution phase and the 
must be tempered to such a temperature as will leay the steel just m= that 
condit y which it will give the tests required. The special elements preset 
such as nickel and chromium, enable the hardening operation to be effective 
and easily performed, whilst they also, in a similar wav, influence and rendei 
more complete the control of changes taking pla yon heating for temperi 
Late this paper examples are given of the effects obtained from typical steels 
b ( (Sec pages 505-0. ) 
Air-Hardening Steels 

\ir-hardening steels seem to me to be extremely important, and I vent 
to predict that when they are more completely understood will be used to a m 
greater extent than at present. The difference between an ordinary high-tensioi 
steel and an air-hardening steel consists in the fact that an air-hardening ste 
heated to temperatures of 8o0o0-850°, and allowed to cool in air, will have erent 
hardness, hereas the hardness so introduced by the same treatment in 
ordinary carbon, or even high-tension steel, is in no way comparable. The 
air-hardeniny steels largely used at present are somewhat similar in analysis 
the figures given in the table on page 506, and it will be seen that it is the presence 
of the high nickel, along with the high chromium, which induces the specifi 
property When we sav that by simply cooling in air this steel becomes hard 
we mean that the rapidity with which the article will cool in air is quite sufficient 
to cause an almost complete suppression of the thermal change which is respon- 
sible the bre aking down of the solid solution into the pearlitic condition. Such 
air-hardened steel will, on air-hardening from temperatures from Soo-850° | 
give roo tons per square inch maximum stress and upwards, accompanied 1 


elongation in the neighbourhood of 10°%. Such figures would seem to me to be 


extreme valuable to the engineer designing parts such as you are interested in, 
and one cannot but think that as time goes along much greater use will be mac 


of it. In Micro. 15 1s presented the structure of this tvpe of steel in the air- 
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hardened condition, whilst the adjoining micrograph, 16, gives a typical example 
of the structure existing in such steel after tempering. This steel responds to 
tempering in analogous manner to the high-tension steels, and as indications as 
to the kind of results which may be expected in the two states, figures are given 


on page S 505-0. 


Stainless Steel 


This high-chrome steel has been selected as one of the typical steels becaus: 
it represents an entirely new departure. The stainless and non-rusting propertics 
of this steel were discovered in the Brown-Firth Research Laboratory during the 
time of my predecessor, Mr. Harry Brearley, and since that time its uses fo 
various purposes have developed until the material now occupies an importa 
position amongst special alloy steels. The table on page 496 gives an indicatiot 
of the composition of this steel, and it will be seen to be a low carbon. stec! 
containing 11-159 of chromium. The steel is an air-hardening one, and cons 
quently requires working with care, but as experience accumulates in the handlin: 
of it, practical difficulties, even in the handling of considerable masses, will 1 
doubt be eliminated. In the sub-division on hardening and tempering a full se 
of figures relating to this steel in its various determined conditions will be found. 
teel has the decidedly unique property of successfully resisting the ordinary 
corrosive action of the weather, change from wet to dry atmospheric conditions, 


organic acids, oxidising influences, and sea-water. As an instance, a polished 
surface of this steel may be placed in the garden during any period of the vear 
‘and left for two or three months, after which it will still be perfectly bright and 
unrusted. It would seem to me that for seaplane work this steel should have 


quite a Jarge application. It is at present used for aero valves in the place of 
high-speed steel, and certainly would appear to form a_ possible material for 
making stream-line wires, ete. Owing to the excellent mechanical properties 
which can be obtained from this steel by hardening and tempering—which 
mechanical properties are accompanied by the rust-resisting properties—it would 
seem t for structural parts its use will become more general as time goes on. 
Ordinary picric acid in alcohol, or the nitric acid usually used for etching t: 
bring up the microstructure of steels, fail in this case to make any impression, 
but by suitable mediums effective etching can be accomplished, with the results 
indicated in Micros. 17 and 18, which illustrate the structure of the hardened and 
tempered condition respectively. 


Manganese Steel 


Manganese is added ordinarily to steel to make it forge well, i.e... t 


eliminat xygen, and to more than neutralise any sulphur which may be present. 
It incidentally strengthens the steel even when present in quantities much under 
1%. Phe steel we are considering, however, under the above heading is the 
special high-percentage manganese steel containing 11-15% of that element alloyed 
with the steel for the special purpose of obtaining those peculiar properties of the 
alloy discovered by Sir R. A. Hadfield something like 30 years ago. The influence 
of added elements uppn the carbon change-point has already been discussed, and 
it is useful to here record that as the manganese content added to steel is 


increased, the carbon change-point on cooling is depressed so thoroughly that in 
the case of this special steel it does not occur even by the time that ordinary 
temperatures are reached, the result being that ordinary cooling really has the 
effect of producing the hard, unresolved condition of the material. If this steel 
be quenched from temperatures approximating to 950°, the well-known tough 
non-magnetic condition of the material is obtained. In such a condition its 
structure 1s as indicated in Micro. 19. 

Much research work has been done upon this steel, and it is important te 


record that whereas tempering softens ordinary carbon and alloy steels, if a 
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sample in the condition just referred to (quenched from 950° C.) be tempered, it 
actually becomes progressively harder and magnetic. After such treatment the 
great toughness and non-magnetic properties can only be restored by a furth 


quenching from a suitable temperature. (The mechanical properties of manganese 


steel sheet have been indicated in the table on page 496.) 
To assist the engineer in avoiding needless worry, it would perhaps be well 
to point out that commercially this manganese steel cannot be machined (although 


in sheet form it is easily punched and sheared). The best way of dealing with 
it, if it is to be used, is to forge to shape, water toughen, and then finish by 
grinding. Its uses need not be more fully discussed here, but it is considered 


that the material is of sufficient importance to have required some general 
indication as to its properties and structures. The remarks will, at any rate, not 
have failed to have indicated that some of the different steels are quite as unlike 
as diffe-ert metals. 


25 per cent. Nickel Steel 
It is, on the face of it, a curious fact that two magnetic materials such as 
iron and nickel should, when allowed in certain proportions, produce a non- 
ckel has this and other valuable 
] 


magnetic alloy.* A steel containing 2595 nick 
properties. As previously pointed out, some elements 
carbon change-points in iron, end this particular percentage of nickel lowers 


ower the magnetic and 


them to something approximating to 40° C. The result is that if the material 
does not reach temperatures much below normal ones, this steel remains tn a 
non-magnetic condition. It should, however, be pointed out that the nickel must 
be reasonably near 25%, say within a range of 24.5-27.5, for satisfactory results, 
with the carbon in the vicinity of 0.309%. The manganese should also be kept 
low. For anyone particularly interested in this steel reference might be made 
to a compilation recently published.+ Microscopically, such steel will, when put 
in its best condition, consist of polygonal grains or allotrimorphic crystals of solid 
solution of carbide of iron and nickel in iron containing nickel, with the structure 
similar to that contained in Micro. 19. The mechanical properties of this steel 
are of similar order to the manganese steels (tests are given on page 496), the 
distinctive feature being the low elastic limit and a slightly lower modulus of 


elasticity. 

With regard to this steel, cur experience has been that a little chromium has | 
several advantages. In the first place, it seems to improve the machining 
properties without deteriora ‘ag the non-magnetic properties, and incidentals 
assists in preventing any precipitation of the carbon in the free condition. 

These high-nickel steels, particularly when they contain percentages from | 
27-32, are claimed to be rustless, and are used considerably for valves, boiler 


tubes, etc. This rustless property tends, however, to be somewhat fugitive, and 
such steel is apparently losing favour in that direction, especially in view of the 
introduction of the high-chromium ‘‘ stainless ’’ steel. A good deal of research 


work in this field will lead to a more complete understanding of its properties. 


Magnet Steel 

The production of good magnets has been, and is, quite an important 
question, and a few remarks may, therefore, be in place. The analyses of numerous 
makes of magnets, British and non-British, indicate that there seems to be a fair 
unanimity of opinion with regard to composition, and it would appear that a steel 
containing 5.0-6.0% of tungsten is favoured with a carbon content of 0.60-0.80%. 
The condition of the steel produced by hardening is clearly the vital consideration 
in the production of magnets, and it was thought of interest to include a micro- 
structure of a Continental magnet which had not only a high reputation, but 
Noted by Professor Hopkinson in 1880. 


+ Invar and Related Nickel Steels. 


YIIM 


\ 
| 
\ 
1 
\ 
it 
t 
| 
W 
p 
is 
n 
T 
ol 
Sl 
} oO 
| te 
| th 
de 
u 
hi 
m 
A 
It 
CO 
ea 
ek 
th: 
ca 
the 
O\ 
the 
sh 
he: 
tor 
fai 
the 
oft 
acc 
wh 

| 


d, it 
the 
rther 


inese 


well 
ough 
with 
h by 
lered 
neral 
NOt 
nlike 


aS 
non- 
1able 
and 
WeTrS 
rerial 
ina 
must 
sults, 
kept 
nade 
pul 
solid 
cture 
steel 
the 


Is Ol 


1 has 
ining | 


from 
oiler 
and | 
f the 
earch 


S. 


yrtant 
erous 
a fair 

steel 
‘ation 
nicro- 
, but 


XUM 


STEELS USED IN AERO WORK O01. 


which gave excellent results in a check determination of its properties. The 
structure will be found in Micro. 20, and it will be seen that a fair separation of 
troostite (dark etching constituent) had taken place during the final hardening. 
(The Brinell reading of this specimen gave 2.40 impression, 652 hardness number. } 

The requisite properties for permanent magnets are high remanent magnetism 
and high coercive force. These qualities cannot both be raised to the maximum 
value at the same time, and therefore the first has to be sacrificed to some extent 
in order to obtain the best value in the second. Coercive force becomes o! 
relatively greater importance the greater the air space included in the ** magneti 


g 
circuit ’’ and the more severe the conditions become in use. Also vibration and 
variation of temperature tend to decrease the intensity of magnetisation, and the 
gvood value of coercive force is necessary to counteract these effects. As just 


mentioned, special care must be taken during the hardening of magnet steel if 
it is to be brought into its proper condition. With suitable treatment a 5° 
tungsten steel should be made to give a coercive force 55-65 c.g.s. units and a 
remanent flux density of about 10,000 c.g.s. units. 


Sheet Stee/ 


A considerable tonnage of sheet steel is emploved in aero work, and a few 


words may, therefore, be in place. The supply of sheet steel possessing definite 
physical properties has been brought very much to the front of late, and there 
is admittedly much to be learned both by the maker and user. The present 


_method of manufacturing clips, etc., from such steel is worth looking into. 


These are usually bent to various complicated designs in the cold state by means 
of the hammer and vice. In order to stand this rough usage, the steel must be 
supplied of such properties that it will withstand bending double in any direction 
over itself; it is quite possible to imagine a man who is bending a clip over to a 
template bending it too far and then having to bring it back again, possibly more 
than once, producing extreme local cold work. As to how such a practice may 
deform the structure locally, micrographs illustrating our remarks on bending 
tests will indicate. Considerable local strain is put upon the metal. The steel 
used for such purposes has usually a low tensile strength, say 28-30 tons. .\ 
higher class of sheet steel is being used containing nickel which gives approxi- 
mately 35 tons tensile with a considerably higher vield-point than the mild steel. 
A drawback against this latter steel is that there is some difficulty in working it. 
It will be noticed that the structure is a very small one, but that it essentially 
consists of pearlite and ferrite. 

As the demand for lightness with strength is such a vital matter, it is quite 
easy, from the steel manufacturer’s point of view, to supply sheets which, when 
heat-treated, will readily give a tensile of 50 tons, combined with a fairly good 
elongation, and sheet capable of tensiles up to 100 tons can be supplied, providing 
that sufficient care is taken by the aeroplane builders to treat this steel in a very 
careful manner. I would suggest that whenever high-tensile sheets are required 
the parts should be pressed in the machine, and in this way the possibility of 
over-bending, accompanied by the alternate bending, will be eliminated. For 
those parts which cannot be pressed in bulk, it is suggested that a nickel-steel 
sheet be used which will stand bending over double and which, when suitably 
heat-treated after bending to shape, will give a tensile strength of upwards of 40 
tons, with a corresponding high vield. 

A considerable number of complaints have come to my notice in the past of 
failure during the. bending of this sheet steel, and this has been largely due to 
the fact that the edges, after shearing, have not been properly dressed, more 
often than not even small cracks remaining. This results in a ready local 
accumulation of stress with subsequent local failure. Especially does this occu: 
when the pieces have been roughly cut by means of a chisel. 


| 
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WELDING.—This question of small parts made from sheet steel raises the 
subject of welding. To my mind welding in any form should be looked upon 


with disfavour in connection with aero work. The skilled welder even may think 
that he has made a good job of a weld, but it is usually almost certain that a 


metallographist could demonstrate that he has not done so. The drawbacks are 


OTs 

twofold. First the material has to be put into a bad (most likely burnt) condition 
in the neighbourhood of the weld, and secondly, unless the welder is a_ perfect 


artist, he leaves oxides lying in the path of the weld. One does not want to 
condemn welding in a general way, and whilst welding is, in other fields, a useful 
process, it seems to me to be a little too risky in aero work if vou can possibly 
dispense with it. 


Steel Tubing 

It would be useful if contributions could be made to the discussion with 
regard to the manufacture and properties of steel tubing by those with special 
experience. Much work requires to be done in this field, and there is much to be 
learnt both by manufacturers and users. 


Cast Iron 

Since cast iron is used for cylinders and pistons, a few words are probabis 
in place. This material can be conveniently looked upon for the purposes of ou: 
comments as a steel matrix containing silicon in solution which is cut up by 


graphitic plates and free phosphide. If cast iron ts suitably made it is strong, 
and has other properties which experience has shown make it useful for the 
purposes for which it is used. Micro. 21 illustrates the structure of such 
material, and it will be seen that the matrix consists of pearlite. If the iron is 
cast in a too soft condition the structure shown in Micro. 22 is obtained, then 
we have a silico-ferrite matrix of much less strength than the pearlitic matrix to 


which reference has just been made. 

It is well worth the while of engineers to look into this question of composi- 
tion, particularly with a view to obtaining a suitable silicon content. If the 
silicon be too high, a weak iron is obtained, whilst if it be too low the fins, for 
instance, of cylinders will consist of ‘‘ white’’ iron and be much more easils 
broken. A variation in composition without a corresponding modification in 
feeding arrangements would lead to unsound and unreliable castings, and, 
therefore, whatever else is arranged, compositions, when once selected for a 
particular purpose, should be consistently maintained. 


Armour 

The question of armouring aeroplanes is a live subject, and one giving much 
scope to the metallurgist. Unfortunately, this is not a subject for open discussion 
at the present time. 


Forging and Drop Stamping 
When considering the question of the work that has to be put upon steel, it 
almost seems a platitude to say that the steel must be well soaked and forged at a 


proper temperature; vet experience teaches us that it is well worth emphasising 


on every possible occasion since so much trouble has arisen, and is arising, from 
this cause. The alloy steels, too, should be heated up slowly and with care, 
particularly from the cold until they are thoroughly warmed through, and any 
experienced forgeman will confirm the great advantage of properly soaking the 
material. Internal rupture of the material is quite possible with under-soaking, 
whether it be due to ignorance or to rushing production. There is another aspect 
of the forging question, /.¢., different parts may be forged in different wavs, and 
there is probably no better example than a crankshaft. In this connection not 
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only must it be considered as to how much work may be locally put on the 
material, but also where the forging operation will leave the central, less 
homegeneous, and less reliable portion of the material. The method of stamping 
aeroplane cranks by which the bloom is forged to crank shape in two or three 
heats has been advanced as a desirable method. This, however, like most other 
processes, is open to criticism. To satisfactorily produce a crankshaft by this 
means, the temperature of the material must be judged with great care, as, owing 
to the severe punishment which the steel locally receives, it may even be 
permanently injured. The forging of the different items really requires a paper 
dealing specially with that aspect of the matter. One point, however, which 
does seem to me important and worth emphasis is that the several parts shall 
receive a requisite amount of work and a minimum of re-heating upon parts not 
subsequently re-worked, the work being put upon the material at suitable 
temperatures. 

My friend Mr. Stubbs* has already dealt recently with drop stampings for 
the automobile industry, and his remarks re the technique apply obviously equaliy 
well to aero work. As he says, ‘‘ drop forging may be defined as the art of 
causing metal in the hot and plastic state to flow into cavities formed in one or 
both of a pair of dies.’ Obviously, then, the art will depend largely upon the 
skill of the drop-stamper in determining the correct temperature at which to work 
his steel. This temperature must necessarily vary with different steels, some 
permitting liberties to be taken whilst others will not, and also with the size and 
configuration of the stamping. Some of the steels used in aero work need 
extremely careful handling if drop stampings are to be made from them, whilst 
there are other steels which probably the drop-stamper will be wise to avoid. It 
will be appreciated that if certain designs of parts are to be produced, owing to 
the unavoidable difficulty as regards configuration, some steels are probably 
immediately excluded, and here is only one direction where the drop-stamper and 
designer can well afford to consult and to take advantage of the steel-maker’s 


experience. Many faults are put down to the steel which can most likely be 
attributed to the stamper’s lack of familiarity ‘with the idiosyncrasies of the 
materials with which he is dealing. Talking of the designer reminds me that 


much time, money, and subsequent worry can be saved if that original sinner 
will remember that the steel-maker, drop-stamper, and aero engine builder are 
frequently the heirs of trouble which he not infrequently bequeaths to them. 
Simplicity in design, absence of sharp corners, acute angles, deep thin ribs, acute 
bends, etc., are points perpetually held before him as things he should not 
perpetrate, and be it said there are some signs of improvement. The effect of 
over-heating for drop stamping has already been pointed out on several occasions, 
and the evil effects do not require any further emphasis. Working too cold is 
also undesirable, since it produces stresses in the material which may lead to 
subsequent trouble. 

Before leaving the question of drop stampings a word might be said with 
regard to the heat treatment. Frequently a stamping will be of very unequal 
thickness in its drop-stamped condition, whereas after machining it will have 
attained probably fairly uniform thickness. In such cases it would seem to me 
desirable that the heat treatment should be done after rough machining, as 
otherwise it is extremely likely that the material in the heavy part of the forging 
will not have been put into the same condition as that in the portion of lighter 
section. 


Normalising and Annealing 


The terms ‘‘ normalising *’ and ‘* annealing ’’ are loosely applied to a variety 
of operations in a steel works. Steel in the forged or rolled condition is in a 


Institution of Automobile Engineers, 1915. 
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strained state, and in order to destroy the stresses remaining from these operations 
it is necessary to re-heat the material. This may be accomplished by either of the 
operations under discussion, but in addition to the necessity for removing stresses 
it is often necessary to also soften the material by entirely modifying its structure. 
[he actual operation of normalising consists in heating the steel above the Ac3 


point and allowing to cool in air free from draughts. Annealing is a much more 
thorough treatment, involving a knowledge of the behaviour of the various steels 
under varied conditions. The original method of annealing was to heat the steel 
to a high temperature, maintain that temperature for a varying time, and cool 
very slowly. This is quite satisfactory for many steels, but in some of the alloy 
steels better results are obtained by heating to temperatures below the carbon 
change-point and cooling in air or in the furnace. It may be of interest to include 
the I.A.E. Steel Research Committee's definition of these terms :— 
NoORMALISING.—Normalising means heating a steel (however previousls 
treated) to a temperature exceeding its upper critical range and allowing it 
to cool freely in the air. The temperature shall be maintained for about 15 


minutes, and shall not exceed the upper limit of the critical range by more 
than 50° Centigrade. 


ANNEALING.—Annealing means re-heating, followed by slow cooling. Its 
purposes may be: 
(a) To remove internal stresses or to induce softness, in which case 
the maximum temperature may be arbitrarily chosen. 
(b) To refine the crystalline structure in addition to the above (a), in 
which case the temperature used must exceed the upper critical 
range as in normalising. 


Hardening and Tempering 

For many centuries swords, knives, and suchlike articles have been hardened 
and tempered, and the ‘* finely-tempered ’’ sword, an article in past ages much 
in demand in times such as these, was produced long before pyrometric observa- 
tions and the science of metallography had explained the fundamental principles 
of such processes. In considering the hardening and tempering of steel parts 
for aero and automobile work, we are only following the example of the time-worn 
procedure of the old cutlers and armourers. Now, be it noted, that a novice 
would never in the old days have been permitted to harden and temper, only the 
highest skill and experience permitting the production of the desired results, ang 
to-day the same remarks apply. There is quite enough scope in the art of 
hardening and tempering small parts, such as used in this and other branches of 
ngineering, to justify the growth of a class of operators with brains to understand 
and skill to execute the treatments required to obtain those excellent qualities 
which skilful hardening and tempering will induce. Bearing on this, it not 
infrequently happens that small parts are required in which one portion will have 
to be finally tempered and tough whilst the other is quite hard, and even more 
difficult requirements can be met providing the development of the necessary 
technique in the operator is insisted upon. In the whole range of steel metallurgy 
there is no direction where careful study and good technique can produce more 
valuable results. 

The operation of hardening consists of quenching after raising the steel to 
temperatures above the critical point, at which it will exist as solid solution. In 
dealing with parts made of .3 to .4% and under of carbon, it is not only sufficient 
to raise to a temperature at which the solid solution areas are formed, but the 
temperature must be attained at which the ferrite has also disappeared owing to 
its solution in the solid solution. The desirable temperature, therefore, for 
hardening is that at which vou quench the steel as a homogeneous solid solution. 
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If you do not go to temperatures sufficiently high for this, you simply obtain 
patches of ferrite, which reduce the effectiveness of the whole operation of 
hardening and tempering. Generally, temperatures from 800-850° C. are quite 
sufficient for this operation, but the actual temperature depends upon the steel, 
and in this connection it is particularly important that the operator should 
appreciate the temperatures at which the changes take place in the given steel. 
It might be well to here caution against the use of too high quenching tempera- 
tures. 


(1) If the temperature is taken too high, an undue brittleness is 
introduced into the steel. 


(2) Quenching from higher temperatures naturally means greater internal 
stresses. 

(3) If too high temperatures are employed, the quenching medium, if of 

limited volume, becomes heated to a greater temperature during the 

quenching operation, and is, therefore, less effective in quenching 

the material, the speed at which the article passes through the 

critical zone being most important. 


Whilst discussing hardening, it might be well to point out that rapid heating 
should, for obvious reasons, be avoided. It will be remembered that in speaking 
of ‘*‘ factors of safety ’’ the question of hardness cracks was brought in, and it 
might here once more be emphasised that carelessness in hardening and tempering 
may vitiate the results of most excellent insight and care in design. It will also 
be fully appreciated that in the hardening operation sharp corners, angles, etc., 
are a disadvantage just as in other items of process to which reference has been 
or will be made. 


With regard to the medium employed for hardening, that is determined by 
the character of the steel, and may either be water, oil, or air. 


The tempering operation, resulting in the degree of softening required, 
depends upon the particular temperatures to which the hardened part is submitted, 
the re-heating causing the breaking down of the hardened state of the steel. 
There is not time in this short paper to discuss the theory of the matter, and it 
will perhaps be well to now give typical examples of what the effect of tempering 
at various temperatures may be on specific steels. It is proposed to take as 
examples a carbon steel, a nickel-chrome steel, and a_ high-chrome steel. 
Particulars of series of such heat treatments are given in the adjoining tables, 
which have been prepared from work done in the Brown-Firth Research 
Laboratory :— 


CARBON STEEL. 
Size of test-piece, 2ins. x .564in. 


Size of piece treated, tin. round x 84ins. long. 


Izod 

Treatment. Wide M.S R/A’/.. Impacts 

4 hr. 850° C. and cooled in air 

850° C. Temp; Nil .. 50:47 15.0 39:47 16 
hr. C. 49:59; 40350 23, 19; 22 
thn.’ 49.44 14.0 34.91 LO; 18525 
hr.. 400° C. - 51.26 39-03 25,275) 38 
1 hr. goo” C. 31.51 47.21 20.0 49.7 
ys 1 hr. 600° C. 30.12 42.3 25.5 61.48 56, 68, 53 
1 hr. C. 24.41 36.27 33.0 69.77 84:86+ 28:82 
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Hicu-TENsIoN STEEL, NI-Cr. 


Size of test-piece, 2ins. x .5641n. 


Size of piece treated, rin. round + O}ins. long. 
Izod 
Treatment. M.S R/A nell Impacts 
\.H. 800° C. Temp. Nil 41.37 56.46 19.0 49.70 3:9 18, 22 
5 1 hr. 600°C. 37.02 46.49 24.0 63.65 4.3 85, 85 
1 hr. 650°C. 33.08 43.73 26.75 05.76 4.4 8610: 8611 
O.H. 800°C. Temp. 1 hr. 300°C. 82.73 89.01 13.0 54.600 3.2 A, 4 
4oo°C. 72.09 78.98 15.5 58.11 3-4 
1 hr. 500°C. 59.88 64.83 19.5 62.58 3.6 54, 55 
hr. 600°C. 49.32 55-15 23.0 63.65 3.9 
_ 1 hr. 625°C. 46.28 52.89 24.0 65.76 4.0 78, 77, 78 
- 1 hr. 650°C. 39.79 50-54 25.5 65.76 4.05 81, 79, 79 
thr. 675°C. 35:45 23:0 58-11 4:0 59, 03, 95 
me 1 hr. zoo C 34.66 53-54 23-0 47.15 4.0 56, 55, 53 
. 1 hr. 725°C. 40.18 58.69 19.0 36.34 3.9 43, 40, 45 
e 1 hr. 750°C. 40.18 59.33 17:0 33-47 3-9 23, 20, 21 
W.H. 800° C. Temp. 1 hr. 600°C. 51.33 56.64 24.0 64.71 3.9 73, 70 
s 1 hr. 625°C. 47.59 353.06 24.0 65.76 4.0 86, 85 
650° % 44.12 51.80 26.0 67.80 4.2 85, 8b 
STAINLESS STEEL. 
Size of material, 14in. round x 74ins. long. 
Bri- Izod 
Treatment. YP. MS k R/A nell linpacts 
\.H. 875°C. Temp. 1 hr. 500°C. 70.9 85.9 13:0 40.5 3.12 
fhe. 600°. 44:5 21.0 50:2 3:9 69,'73,69& 59 
hr. 7oo°C. 31.6 45.2 26.0 64.6 4.25 86+3, 86+ 13 
& 86+ 17 
ihr, 7so ©. 26:5 43.0 28.0 63:6 4.25 564+ 16,3074 26 
& 864 25 
phir. Se0°C. 25:6 42.2 272 64:7 3.7 33, 33. 43 
O.H. 875°C. Temp. 1 hr. 500°C. 72.6 90.5 8.0 18.23 3.1 
hr: Goo ©. 46:4 26:0 66:9 3:9. 72; 67, 7! 
fhr. C. 34.87 a7.1 25.5 63:8 4,07 34, 56, SO 
r hr. 750°C. 39:4 44.1 27.0 66.2 4.2 864+33,80+ 29 
& 86 + 42 
66:5 15:7 6567 24,24, 18 
©. temp: 1 hr. 500°C. 90:2 12:0 34:2 3:1 
a hr. 600°C. 40.3 53.9 59:5 3:67 53, So, So 
hr. 29.5 45:8 64.7 4.1 86+35, 86+ 34 
& 86+ 24 


1 
to 

to 
00 


12, 86+15 
& 86 + 19 
1 hr. 800°C. 30.6? 48.0 18.0 59.2 4.3 86+ 39, 86+ 34 


30:0 43:7 27:0 65. 


These figures will illustrate the different responses which these types of 
material make to similar heat treatments. 

Before leaving this part of the subject, a word or two might be said on 
air-hardening. Owing to the composition of such material, the critical changes 
become so sluggish that merely heating up to a certain temperature and cooling 
in air is sufficient to effectively produce the hardened condition. This property 
also allows of larger objects being hardened throughout and, incidentally, owing 
to the less drastic effect, does not so easily result in cracking. Air-hardening 


steel after forging and rolling is already in such a hardened state that tempering 
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alone will put it into fairly good condition. It might also be pointed out that 
since billets and forgings, alter working, are hard, they should only be heated 
slowly and with the utmost care; rapid heating causes a good deal of trouble. 


Machining Properties 

There are a few difficulties which arise in connection with machining. For 
instance, if the tensile of the material exceeds 60 tons per square inch, machining 
becomes very difficult, and if much higher tensiles are required it is necessary to 
heat treat the material afterwards. (For parts which have to be hardened after 
machining the material can be worked in a soft condition with accuracy and 
speed.) For complicated parts this introduces difficulty owing to the distortion, 
etc., produced in final heat treatments, but these troubles are now being largely 
diminished, and, after all, much depends upon the steel chosen and methods of 
working. One interesting point which | think is fully deserving of discussion is 
the apparent fact that the Brinell figure does not necessarily indicate the ease 
with which the material will machine. When one considers actually what takes 
place during machining, /.e., the manner in which local stresses and deformation, 
ending in the complete separation and rupture of the turnings, take place, it 
certainly would appear that there are steels and conditions of steels with which 
it could not be expected to have a definite indication of the machining properties 
from the Brinell hardness numbers (manganese steel, in the toughened condition, 
being one abnormal case in point). Sometimes trouble is encountered owing to 
the material being too soft; for instance, in the machining of aero cylinders the 
material will drag if the Brinell hardness number be below a certain figure, but I 
think a good deal of this difficulty can be got over by modifying the angles to 
which the cutting tools are ground. The speed, too, at which the work is done 


i 


in such a case is a factor. If, however, in the case of carbon steel, the Brinell is 
studied, it will not be proved unreliable, as experience shows that with such steels 
a careful check of the hardness by this method will result in solving the trouble. 
It is interesting to record that with the mildest steels the actual size of crystal 
and amount of inclusion influence the machining properties of the material. 


Case-Hardening 

The precess of case-hardening is employed when it is desired to obtain a 
hard shell supported on a tough interior. There are several parts in which vou 
are interested in your particular work for which this process is used, and | 
therefore propose to briefly discuss the principles involved. The properties 
ultimately required in the core largely determine the type of steel which you may 
select, although the quality of the hardened case also determines the material 
available. For instance, if the hardest of cases is required, it would not be 
desirable to use a case-hardening steel high in nickel, since experience indicates 
that the presence of nickel measurably reduces the maximum hardening effect 
which can be obtained in the case. It will, therefore, be necessary to carefully 
study the general properties required in the final article before a decision is made 
with regard to the steel to be employed. When the objects are ready for case- 
hardening they are packed in a_ suitable carburising medium and_ raised to 
temperatures of goo-g50° C., at which they are maintained for the time necessary 
to give the required depth of case. This period may be anything from 2-12 hours. 

To discuss the case-hardening of a carbon case-hardening steel. From 
remarks made earlier in this paper it will be apparent that when a temperature of 
goo® C. is obtained the steel of which the article consists will structurally have 
become a homogeneous dilute solid solution of carbide in iron, the iron then being 
in the condition in which it will dissolve very much more carbon than that 
originally contained in it. The result is that on being placed in such a condition 
in contact with the carburising medium, solid or gaseous, carbide of iron is 
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synthetically produced where the article and the medium are in contact, and then 


this carbide is svstematicalls dissolved and diffused into the steel. Since, if V 
equilibrium were allowed to be attained, i.e., if the steel were allowed to dissolve € 
as much carbon as its condition at such temperatures would permit, it would I 
become to all intents and purposes a steel of high carbon content throughout its t 
thickness, it is necessary to determine by experience with the particular materials I 
employed how long exposure is required just to produce the requisite thickness s 
of case. \fter the required time at the carburising temperature the stecl s 
obviously consists of a shell of solid solution high in carbon, with a core of solid | 
solution low in carbon, and so on cooling down we have different changes in s 
structure in the two materials, pure iron (ferrite) crystals making their appearance i 
in the core, whilst the case persists as a homogeneous solid solution (apart from t 
the separated excess carbide existing in it) right down to the carbon change-point. s 
When cold, as time has not permitted the carbide to diffuse into the core of the I 
mass, we have in the central portion approximately the original structure. l 
Experience teaches us that the carburising operation leaves the core in a coarse ( 
condition, and it is, therefore, desirable to re-heat the articles to a temperature I 
of Ss0-goo° C., followed by cooling in air or by quenching as a refining operation. ¢ 
Having carburised the articles, they now require hardening, and I do not t 
hesitate to say that this hardening operation requires all the possible skill t 
available in the operator. It will be clear from previous discussion that when ; 
the carburised articles attain a temperature of 730-740° C. the whole of the case, : 
but only the pearlite areas of the core, become solid solution, t.e., capable of t 
producing the hardened condition of steel. It will thus appear that there is a ‘ 
theoretical temperature which, if attained throughout the article, would give a | 
hardened case with a minimum section of area of hardened material in the core; I 
if this temperature is exceeded, the solid solution areas in the core grow : 
progressively in size owing to the gradual solution of the ferrite into the already : 
existing solid solution areas, and at a temperature of a little over 800°C. the 
whole of the core will have again become a homogeneous solid solution capable |‘ 
of being hardened. I think it will be obvious from this that the core may be 
trapped by quenching in very different conditions; it may consist either, with 5 
lower quenching temperatures, of a matrix of soft ferrite with hardened steel : 
‘inelusions ** embedded in it, or of a matrix of hardened steel with soft iron } 
““inclusions.’” The fracture and, incidentally, the mechanical properties of the : 
core will vary widely with the quenching temperature, and once you have decided 
the kind of core you want, only the most careful workmanship, coupled with an 
appreciation of the underlying principles, can systematically produce the required 
result. 
Before leaving this part of the subject, it would be well to emphasise that 
there is a danger in too low quenching temperatures. One of the great troubles 
of people who practise the case-hardening process is the appearance of ‘‘ soft 
spots.’" One of the most definite and obvious explanations of ‘* soft spots ’’ is 
that the material has been quenched at so low a temperature that at certain ( 
centres during the quenching operation the breaking down of the solid solution 
Is permitted to occur. When this happens, if the case-hardened article is etched, | 
you will have the ‘* soft spots’ definitely shown up as dark etching areas. ' 
Cask-HArDENED GrEaARS, ETC.—Whilst dealing with case-hardening, it would 
perhaps be well to make a few comments on gear wheels, etc.; the stresses in 
such parts are of interest. The teeth are submitted to (a) a bending action, , 
producing direct tension and compression ; (b) local surface pressure and abrasion. | 
The body is submitted essentially to torsion, which produces shear. The loads | 
to which the gear is submitted are all fluctuating and frequently applied with | 
shock. The respective merits of soft and tough core as against uniform hardness 
throughout seem to form a perennial subject for discussion, but it would appear 
to me that the comparative merits depend essentially on the amount of shock 3 
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which has to be withstood. If the parts were not submitted to shock and 
everything ran perfectly smoothly, then it would be clear that the properties 
required in the material are surface hardness (resistance to wear) and resistance 
to fluctuating stresses. Such conditions are best fulfilled by uniform hardness. 
If gears could be perfectly designed and machined, and if they retained their 
shape absolutely during hardening and there were no change of gear or other 
sudden applications of load, then shocks would not require to be dealt with. 


Unfortunately, it is impossible to attain these ideal conditions in practice. The 
slight distortion in the shape of the teeth is sufficient to change smooth running 
into a series of shocks, particularly whilst the wheels are new. Now to consider 


the question as to whether a soft core does help to withstand shocks, it has been 
suggested that the capacity of the interior for deformation in such a case is not 
brought into play until the skin has been deformed beyond its elastic limit, 7.e., 
until the part has been ruptured. In my opinion this is not a correct view of the 
case. The core, having a lower elastic limit, reaches that value before the skin 
becomes permanently deformed. After this point the deformation produced is 


greater than would be produced in a wheel of uniform hardness, the stresses in 


the skin still being within the elastic limit. It should also be remembered that 
the stresses produced in a thin hollow case for a given deformation are less than 


} 
t 


would be produced by the same amount of deformation in a solid body of the 
same material and external shape. With a very thin casing the soft interior 
takes up the bulk of the energy of the shock and the hard outside takes up the 
deformation without becoming very severely stressed. This deformation may, 
however, be of a permanent nature, involving residual stresses within the elastic 
limit in the casing. I think it will be clear that this argument points to a soft 
core as being the best for gears which have to withstand shocks, and I shall be 
interested to hear the result of vour experience in this matter. 

When we come to discuss a case-hardened ball race we find that we have to 
consider not so much the question of shock but the resistance to fluctuating 


stresses. For this purpose a too soft core would be a disadvantage and the 
maintenance of a higher standard of strength should be taken into consideration 
during manufacture. It might be claimed for a soft core in this case that a slight 


yielding in the ball would tend to increase the area of contact between the ball 
and race and so decrease pressure per unit area. I would, however, suggest that 
slight modification in the design of the ball and race with a view to modifying 
the relative curvature of the surfaces would give the same results without 
stressing the material beyond the elastic limit at any point. 


Specifications 
The war has emphasised the necessity for standardisation of materials and 
parts generally, and particularly does this apply to automobile and aero 


engineering. Before the war the steels employed were legion, but as _ the 
consumer was actually only getting one quality for each purpose, little trouble 
was experienced. The war, however, necessitated such large supplies that he 


had to obtain his supplies from several sources, and consequently got vers 
different steels for the same purpose, with disadvantages far too apparent to 
require discussion. I have already insisted upon the necessity of the engineer 
understanding the characteristics and possibilities of the steels with which he has 
to deal, and it will obviously be an advantage to him if the types of steels are 
limited to a selected number of the most suitable, so that he will be enabled to 
focus his attention and have a much greater chance of acquiring that necessary 
intimate knowledge which his work demands. The Institution of Automobile 
Engineers have a Committee (of which I have the pleasure of being a member) 
which has selected and defined the compositions of a number of suitable steels, 
and the same Committee is now at work thoroughly investigating their properties. 
I know you aero experts are watching this work with considerable interest, and 
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I feel sure the results will be invaluable to you. At the same time it should be 


remembered that specifications cannot deal with all the useful steels, as there are 
many, specially made for certain purposes, which are necessarily difficult to so 
include; furthermore, steel-making is one of the most progressive arts, and from 
time to time no doubt new steels will come along possessing properties of 
sufficient merit to give them place. I would, therefore, suggest that a progressive 
branch of engineering like vours should not be unduly fettered by too rigid 
standardisation, and have faith that if vou will only 


industry will take a pride in responding to them. 


Bearing upon specifications, the analysis is not all sufficient, and, indeed, 


express vour needs the steel 


satisfactory mechanical proof tests are not in themselves complete, since one of 


the greatest troubles which vou engineers have to consider consists in the 
vccasional local unreliability. The whole process of production requires the most 


careful study and at ion, and it is up to the steel-maker to see that all the 
factors entering into the complete reliability of the ultimate product receive the 
attention which thev merit. To begin with, the actual melting and _ refining 
yperations require complete understanding and control; the actual casting tem- 
perature is a vital factor in determining the relative position of unsoundness, etc., 
in the resulting ingot; the shape of the ingot is also very important. Thes 


itv and freedom from 


segregation, 


three items have a great bearing upon relial 


which two items I would suggest are of extreme importance. When we come to 


the actua orking down 1 the steel nere aval e teennique is so important 

hat if steel is placed in indifterent hands the best of material mav be rendered 
] : 

indifferent, or, indeed, mav be ruined. The speed with which the ingots « 


blooms are re-heated, together with the actual temperature at which the material 
s soaked before working, are important, and it is not necessary for me to point 
out that there are factors in the actual rolling and hammering operations which 


require detailed experience if those sections of process are to be satisfactoril\ 


lealt with. Incidentally, the actual temperature at which the material is finished 
in the mill or he hammer has a bearing on the results. I think I have said 


enough to indi over and above the existence and execution of well- 


devised specifications, the degree to wil the art of steel manufacture is 
successfully | is really the ultimate factor in the reliability of the final 


material. 
If the parts of your aero engines and your planes are to have that reliability 
which the pluck of our fivine men merits, the above 


} 


msiderations should be 


adequately recog 


Conclusions 


ft may be useful to summarise the views expressed in the foregoing paper 
on the manufacture and use of steel for aero work. Personally, my position is 
that of the investigator, and I have endeavoured, so far as space and time have 
allowed, to carefu weigh and indicate the different subjects and aspects which 
appear to me to be either deserving or in need of attention. I have endeavoured 
to avoid being dogmatic in any sense, recognising that any personal view can 
only be limited in its survey. At the same time I have not hesitated to state the 
mpressions derived from my experience, and trust that the subsequent discussion 
and the views expressed will be similarly free from hesitation. It is only by a 
ree exchange of ideas and unstinting collaboration between the different sections 
concerned that progress can be made. In the Introduction I emphasised the 
mportance of using only the highest class of materials for aero work, and this. 
| think, will be uncontested. The necessity for scientific methods in works 
sractice needs, I am sure, no further argument before this Society. As regards 
lesign and factors of safety, I have expressed the views occurring to a metal- 
lurgist in the hope that they might draw forth helpful criticism from the 
engineering side. And here let me once more make a plea for a still more perfect 
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understanding between the engineering and the metallurgical branches; the work 
of the one is necessarily complementary to the other, and an unmistakable impetus 
to continuous evolution of practice will be induced in proportion to the degree of 
collaboration attained. 

It may appear that I gave up too much space to the mechanical testing of 
steels, but in extenuation I would point out that it is my opinion, and, I think, 
the opinion of many others, we have much to learn not only with regard to the 
various methods employed in testing steels and material generally, but also with 
regard to the interpretation of such results. Incidentally, the continued 
correlation of the behaviour of different materials under the various forms of test 
cannot but give increasingly invaluable knowledge to the individuals who are 
concerned with questions of design. 

The constitution and properties of typical steels have been dealt with and 
an attempt made to illustrate the manner in which they are likely to respond to 
the various forms of heat treatment. I hope that my remarks have sufficientls 
emphasised, although I do not think it was really overlooked, the necessity for a 
concentration on the heat treatment side of production. 

Perhaps the most important point which I have endeavoured te push home 
is the prime necessity for efficiency in manufacture; in steel-making, in design, 
in forging, and in heat treatment, the efforts of the steel-maker, the stamper, and 


the engineer must be unrelenting. Not only does this apply to those in charge ; 
more important still is it that the workman who ultimately carries out the work 
should be taught and encouraged to make his work a labour of love. It is the 


excellence of technique in the various items which is going to be the chief factor 
in making for reliability, and it is my hope that this small effort of mine will 
provide a little help to those at work in understanding something more about the 
steels upon which the science of aeronautics so much depends. 

Some little time ago I visited one of the air stations, and was naturalls 
professionally interested to hear the views of the pilots with regard to the 
reliability of the different items. One of the pilots replied to one of my queries 
by stating ‘‘ The parts do not fail.’’ His confidence in the materials of which 
his aeroplane was constructed was obvious. That, I take it, may be considered 
a compliment to the work of the entire industry, and long may the airman’s 
confidence continue to be justified. 

Before closing, I should like to thank Messrs. T. Firth and Sons, Ltd., and 
Messrs. J. Brown and Co., Ltd., for the permission to here publish data derived 
from numerous investigations carried out on their behalf and for the use which | 
have been able to make of technical experience gained by them over a number 
of years commencing with the initial use of alloy steels for aeronautics. 
Particularly have I pleasure in thanking Mr. F. C. Fairholme and Mr. J. Wortley 
Fawcett for their helpful interest in the preparation of the paper. I should also 
like to record my appreciation of the assistance rendered by the members of the 
Research Laboratory Staff (particularly Messrs. Bolsover and Stanfield). 


DISCUSSION 
Professor CARPENTER, M..A., Ph.D., in opening the discussion, expressed his 
great appreciation of the valuable lecture delivered by Dr. Hatfield. He was 
particularly pleased to note the importance which had been given to the iron- 


carbide diagram as the basis upon which steels and their treatment should b¢ 
studied. 

The special opportunity which the smallness of aero parts offered for careful 
and distinctive heat-treatment was also a matter which he (Professor Carpenter) 
thought merited the attention of the industry, and he endorsed strongly the 
lecturer’s views with regard to the importance of the heat-treatment, hardening 
and tempering operations receiving the attention of men of the highest skill. 
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He was inclined to think that the lecturer had rather given the impression j 
that the elastic limit determination was more troublesome than was really the 
case. Owing to the importance of the truly elastic range, he considered that 5 
determinations should be made with much greater frequency than hitherto, and Si 
he thought that the information so obtained would be of primary importance to re 
the engineer. it 
Che jecturer had pointed out the variety of materials sometimes used for one n 
particular purpose, and he thought he could select no better instance than pistons. 2 
Phe Professor here discussed in some detail the apparent anomaly existing in the e 
use of such dissimilar materials as had been described in the lecture. a 
He found that the 25 per cent. nickel steel was discussed in the paper, and % 
he quite agreed with the lecturer’s remarks that such material behaved somewhat F 
nconsistently and that this particular steel needed thoroughly investigating. The 
ron-nickel series was a very interesting one, and if the diagram were studied it , 
would be seen that as regards non-magnetic properties only a limited range of a 
composition was permissible. Again, with regard to resistance to corrosion, i 
further research work would probably result in a more complete understanding: of - 
the material. Oo 
Mr. Fow rer (Royal .\ircraft Factory) raised the question with regard to the 
impact test. He stated that although when he first became connected with 


ireonautical work he had some doubt upon this, vet a closer connection with 
these tests had convinced him that it was of the greatest importance, and his 


‘xperience pointed to the connection which exists between low impact results and 


ilures of cranks. 

He called attention also not only to the light specific gravity, but also to high te 
onductivity of carefully-selected light alloys for certain engine work. 

He would be glad if Dr. Hatfield would state what was the effect of cold p 
vork on the properties of stainless steel and whether any value would be derived sl 
from this class of material for rafwires. b 

Colonel BAGNALL-WILD! 
t 


f Strength. 


I quite agree that the actual values of the factor, call it what vou will, from 


the design point of view should be placed on a more definite basis ; unfortunately, 
however, modern conditions of warfare render it almost impossible to do so. The DI 
best that can be done is being done. ly 
I am in disagreement with many designers who base their factor of safety 
on the maximum breaking stress, I think the vield point alone should be con- hi 
sidered. The relation between maximum and vield is well known with high alloy al 
steels and is well determined in specifications. 
to 
Cases. 
I do not see how it is in any way possible to arrive at Dr. Hatfield’s conclu- SI 
sion, t.e., that crank cases and parts should be rigidly fixed; he certainly does be 
qualify it in that he only proposes to retain such rigidity as will prevent undue 
bending in the-crankshafts. It must be borne in mind, however, that an «aero ee 
engine, as at present designed, cannot in any way be regarded as a rigid structure. af 
I quite agree with Dr. Hatfield that H section connecting rod is preferable et 
to the hollow tubular design, though the latter possesses possible advantages with 
rcgard to ease of manufacture. 
th 
Pistons. th 
\s regards pistons, I think it is pretty well established that aluminium alloy a! 
gives the best results. In the early days an impression existed that aluminiun “ 
was used for pistons on account of its lightness. I am personally of the opinion os 
that the aluminium piston, even if heavier than cast iron, has so many advantages 
on account of its superior conductivity that its weight need not enter into le 
consideration. SP 
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Mechanical Testing. 


It is dificult to avoid the somewhat controversial question of the determination 


of vield and true elastic limit. 1 congratulate Dr. Hatfield on placing the matte: 
so clearly before us. 1 do think, however, that too great stress is, in) many 


cases, laid on the difhculty of correctly determining the vield. 1 quite agree that 
it is advisable to have the load run back about the vield point to obtain the per- 
manent set, but in commercial testing, how often is there time to do this? | 


am of the opinion that the vield point can, within reasonable limits, be ascertained, 
lov steels, so heat-treated as to give something 


except in the case of special a 


over 7O tons ultimate stress. No inspector would reject a high tensile steel 
because the vield as measured by him is, say, 2 or 3 per cent. below the bottom 
limit of the specification. If the vield is given at, say, from 55 to 65 tons pei 


square inch surely there is a reasonable margin for possible errors in reading the 
vield, especially if the inspector is allowed discretionary powers. to am = furthe: 
of the opinion that an incorrect interpretation of the reading shows itself when 
co-related with the other figures. It may look bad on paper, but to those who 
are accustomed to reading testing results the answer is, more often than not, 
obvious : if not a re-test can be made. 

I quite agree that the bending test is a very valuable one, but in the majority 
of cases it requires considerable knowledge and many vears of experience t 
correctly interpret the result obtained. 

The impact test has been much abused. | entirely disagree with Dr. Hatfield 
when he states that with regard to determining brittleness, the usefulness of th: 
test remains to be demonstrated. 

The Izod or Charpy tests, both of which are of similar nature, have been 
proved by me capable of determining brittleness, in cases where no indication of 
such a condition has been given by a tensile test. The brittleness, as indicated 
by the Izod, has been verilied by me again and again. [owas formerly of the 
opinion that a low Izod figure on which a rejection resulted might not mean that 
the steel was unsound, but an unsound steel undoubtedly gave alow Izod. 1 now 
believe this latter statement only. 

I agree with Dr. Hatfield that the tests are sensitive, but if he will examine 
specifications [ think he will find that a minimum figure only is given for required 
Izod test results. 

I agree that the results obtained very often are found to be in the neighbour- 
hood of double the minimum figure, but T have also found that steel which gives 
an Izod test figure below the minimum justifies rejection for brittleness. 

A typical example. Certain steel used for making nuts and bolts, was found 
to contain sulphur and phosphorus in excess of .1; such steel invariably failed to 
give any higher reading than 2 to 3 ft. Ibs. on the Izod, whereas a steel of exactly 
similar Composition and with similar treatment, but with sulphur and phosphorus 
below .cd per cent. gave an Izod test figure of over 4o ft. Ibs. 

In correctly interpreting the Izod readings the examination of the fracture ts 
certainly desirable, but provided the specification figures, as stated above, art 
given as a minimum, whether the results are double the minimum or are the 
minimum figures is immaterial from a commercial standpoint. 

The disadvantages of the Izod and Charpy tests, especially the latter, le in 
the amount of work required to machine the specimens. Dr. Hatheld mentions 
the sharpness of the ‘* Vo"? notch in the Izod. 1 proposed and have now adopted 
a notch with a rounded root; this practically enables greater accuracy to be 
obtained in machining, but in my experience this is not so essential as is generally 
considered. 

I consider that the early troubles with the Izod were due to lack of know- 
ledge or, I should say, experience, as to how to obtain a figure which would pass 


specifications, 
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It is only recently that I became aware of the fact that in the case of an 
illoy steel, quenched from 820 and tempered from 400 the Izod drops. The drop 
is a very interesting one ; it suddenly starts just before 4oo and drops some 30 or 
10 Ibs. and suddenly rises again as the tempering temperature is increased some 
25° or 50° above 400. 


+ 


I think I may safely state that nobody has vet published a satisfactory 
explanation of this most interesting fact. We well know that the temperature 
‘oncerned is intimately connected with the magnetic change, but we do not know 
that a steel tempered at that temperature which will give this sudden drop in 
impact is an unsound steel. 

I think I can only say that owing to the doubt which exists I prefer a stee! 
tempered at a temperature either above or below what might be termed the critical 
Izod tempering temperature, 

I am sorry that Dr. Hatfield, apparently, intends to convey the impression 
that the Shore Scelescope can be compared to the Brinnell machine. In my experi- 
ence the scelescope is comparatively useless except for one purpdse, and that is 
the ascertaining of the surface hardness of case-hardened parts; even then ] prefer 
to test with a file and trust to personality. 

With regard to the Brinnell machine, much misconception exists as to its us 
It is generally misunderstood, in that the readings are not co-related with the 
tensile strength of the bars as tested. The Brinnell figures only give the same 
indication of the tensile strength for steels off the bars of similar composition and 
similarly heat-treated. I use the Brinnell freely as a check test, but its use should 
be, and is so far as I am concerned, primarily confined to the following :— 

The tensile test piece is pulled to represent, sav, 25 bars. The Brinnell figure 
is then taken on the individual test piece. The Brinnell figures taken on the 25 
bars must, in order that these bars may be passed, conform to the Brinnell figure 
obtained on the tensile test piece. 

As regards alternating stress tests and the Stanton impact tests. The draw- 
back to these methods lies in the time taken to carry out the test. It is essential 
for commercial work that the test should be such that the minimum machining ts 
involved and the minimum time taken in carrying out the test. I am of the 
pinion that the results obtained with the Izod are far more reliable and, when 
taken in conjunction with the appearance of the fracture, far more valuable than 
inv of the alternating stress tests. Though I am of the opinion that the Jatter 
may. possibly be desirable, at the present time insufficient data exists to enable a 
‘orrect interpretation to be made, in other words they are of scientific value but 
are not vet commercial. 

In general, as regards all testing, it must be borne in mind that testing is not 
‘arried out commercially from a research point of view and testing must be purel; 
‘commercial. .\ man wants to buy steel and he wants to know that the steel maker 
supplies him with something reasonably in the neighbourhood of what he requires. 

I think that, at the present time, the buyer may safely rely on tests which 
give Ultimate Stress, Yield, Elongation and Reduction’ of Area, an impact figure 
and in some cases an analysis within fairly wide limits. 

I am interested in the list of steels Dr. Hatfield puts forward as suitable for 
aero construction. I have recently expressed the opinion that five steels will 
practically fulfil the majority of requirements. I am afraid this statement has 
een rather misunderstood, because I have been imperfectly quoted. What I mean 
is that five steels will meet some 75 per cent. to 80 per cent. of the tonnage 
required. Dr. Hatfield therefore proposes only three steels to meet my five, @.e., 
1, 2 and 3. The air-hardening steel is somewhat under a cloud under present 
conditions and it need only be used, in my opinion, in exceptional cases. His 
steels 5, 6, 7 and § are, of course, required for certain purposes, but only in small 
quantities. 
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The steels I] suggest are :— 

1. .15 Carbon (Case Hardening). 

2. 3 per cent. Nickel (Case Hardening). 
.4 Carbon (Steel for Forging). 

3 per cent. Straight Nickel. 

3 per cent. Nickel Chromium. 


Go 


As regards carbon steel, it might be assumed from Dr. Hatfield that the acid 
Bessemer process was the most important for the production of carbon steel for 
vero construction, IT am afraid I cannot altogether agree; 


: although Bessemer is 
most excellent for a variety of purposes I can hardly agree that even the acid 
Bessemer process is the most suitable for the production of aero steel. 

As regards air hardening steels—I agree that they are extremely important 
and that when they are more completely understood they may be of more use than 
at present, but I do consider that owing to their not being understood, with which 
statement I think Dr. Hatfield will agree with me, it 1s not advisable to press their 
use at the present time. Thev are certainly ditheult to work. 

I] quite agree with Dr. Hatfield as regards sheet steel, in that there is far too 
great a tendency to overdo cold work. This is a matter to which designers should 
vive great attention and they shouid draw up specifications including clauses 
whereby all such parts are heat-treated after either bending or welding. 

Steel Tube. 

Dr. Hatfield has touched on many subjects and I much regret he has not 

sulicient space to give us more details of that most important industry, 7.e., the 

production of tubing. I sugeest that the matter could well form the subject of a 
Ss ss J 
separate paper. 


Cast lron, 

I have experienced very grave difficulties in obtaining castings uniform in 
composition. As I have stated before, pig iron before the war was ordered as a 
proprietary brand and was then fairly uniform in composition; this is not so now. 
From analyses recently niade it is clear that it is very difficult indeed to get 
castings other than extremely high in phosphorus. The founders did not welcome 
the idea of using hematite pig to assist in reducing phosphorus content. 

1 well realtse it is ditheult for the average founder to analyse the consign- 
ments of pig which he receives, but I would impress on all concerned the necessity 
lor so doing and have expressed my willingness for the analyses to be made by my 
staff. It is only fair to say that recently considerable improvement has been made. 


Stamping. 

I quite agree with Dr. Hatfield that the average designer either has ignored 
the stamper, or, Judging by the drawings he produces, possesses no knowledge 
whatever of this most important and valuable branch of the industry. I have 
elsewhere expressed myself at length on this matter. 


Machining Properties. 

Again I agree with Dr. Hatfield as to the small amount of knowledge 
apparently possessed by manufacturers as to the machining qualities of steel of 
arving compositions. Firms who turn out nuts and bolts and automatics appear 
to know very well that mild steel with sulphur and phosphorus in excess of 
-I per cent. and even with .15 per cent. saves them money—cuts like cheese and 
makes full threads. The result is certainly not fit for use in aeroplane production ; 
it is brittle and in fact the heads of the bolts made of such material fall off when 
tapped with a light hammer. 
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Heat Treatment. 

Works managers must decide before they start work as to whether thes 
require steel in the normalised conditions for rough machining, then to heat treat 
it and finish by final grinding, or whether they are prepared to face machining the 
material in its heat treated condition. The whole question is primarily one o! 
time. In very few cases are steels required for aero production in such a condi- 
tion that they cannot be machined, it takes longer and is more expensive in tools 
to deal with steel in the heat treated condition; on the other hand, rapidity o 
machining is obtained when the steel is in the normalised condition, but time is 
lost in subsequently heat treating and, what is more serious, unless this process 
is carefully carried out, warping and skellering may render the part too much out 
of truth for final grinding. 

I quite agree with Dr. Hattield as regards the necessity for classification. 
Much work in this connection has been carried out by the Engineering Standards 
Committee; the detail investigation being conducted by the Joint Steel Research 
Committees under the auspices of the Institute of \\Vutomobile Engineers. 

Mr. FOwLer raised the question with regard to the impact test. He stated 
that although when he first became connected with aeronautical work he had 
some doubt upon this, vet a closer connection with these tests had convinced him 
that it was of the greatest importance and his experience pointed to the connection 
which exists between low impact results and failures of cranks. 

He catied attention also not only to the light specific gravity but also to high 
conductivity of carefully selected light allovs for certain engine work. 


He would be glad if Dr. Hatheld would state what was the effect of ¢ 
work on the properties of stainless steel and whether any value would be derive 
from this class of material for Rafwires. 

Dr. W. Rosennaix, F.R.S. (Nationa! Physical Laboratory), said that he 
wished to congratulate Dr. Hatfield on his lecture, which was a species of brief 
text-book of the whole subject and which had been presented in a most clear and 
interesting manner. The greater part of what Dr. Hatfield had said was, o 
course, well known and generally accepted by scientific metallurgists, but it was 
perhaps desirable to emphasise this general agreement upon fundamental and 
essential matters because in the discussion on papers it generally happened that 
speakers devoted their attention to points upon which their opinions diverged 
sometimes a little vigorously. The result was that those less familiar with th: 
subject received the impression that scientific metallurgy was largely a tilting- 
ground for rival opinions and theories. .\ctually, this was very far from being 
the case; there always were—and he hoped there always would be—points at issut 
between different investigators; that was merely a sign of vigorous health in 
rapidly-growing science. But what he desired to emphasise was that there was 
a very large body of well-ascertained facts and conclusions upon which they wer 
| men might rely quits 


all in substantial agreement and upon which practical 
securely. Much of the matter put before them that evening by Dr. Hatfield was 


of that nature. 


Purning now to special points, he would deal with a few of the many whic! 
presented themselves——points of agreement as well as of disagreement. First, 1 
regard to the question of silicon in’ steel. The difficulty assessing the 


importance of a given silicon content as reported in a chemical analysts of an 
iven steel lav in the fact that no distinction was drawn between the silicon whicl 


as present in solid solution in the steel—presumably as an iron-silicon compoun 
and that which was present in the more or less oxidised condition of various 
silicates. The latter were, of course, present in’ the form = of non-metallic 


enclosures (sometimes called ** slag enclosures *’), and there could be no doubt 
at all that an undue quantity of silicon in that form was a very decided di-- 
advantage to the steel—although opinion might still be divided as to precise! 
What was an “undue quantity. Phe siicon present in solid) solution, the 
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other hand, was probably entirely harmless within the ordinary limits found in 
practice. This matter therefore resolved itself into a problem for the analyst, to 
devise a method for distinguishing between ‘* dissolved’? and oxidised silicon in 
steel. This was a problem certainly demanding research. 


Turning to the question of pyrometry, he wished to draw further attention to 
the strict necessity of determining the temperature of the steel objects which were 
being treated. This was not by any means attained by merely placing a pyrometer 
at some convenient and supposedly representative point in a furnace and relying 
upon its readings to indicate the temperature of the steel. In the first place, in 
all industrial furnaces—and even in those specially arranged in the laboratory— 
there were usually enormous variations of temperature in different parts, and with 
slight changes of conditions—even with the mere ageing of the furnace and its 
concomitant effects on the material of the furnace walls and linings the tempera- 
ture distribution in the furnace was liable to considerable changes. The indica- 
tions of a single pyrometer at one point in a furnace could therefore serve only as 
a guide to the general working of the furnace. The temperature of a piece of 
steel heated in such a furnace would depend upon its position in the furnace and 
upon how long it had been there. Where large and important forgings were 
being heated it was surely worth while to apply a pyrometer directly to the forging 
itself. With proper precautions an optical pyrometer would furnish valuable 
indications, but wherever possible—and it would be found possible in most large 
forgings—a small hole should be drilled and a thermo-couple inserted. Some 
practical steelmakers might regard this as too elaborate, but the speaker could 
assure them that it was perfectly practicable and would pay for itself rapidly in 
diminishing failures. lor smaller forgings, which had to be treated in numbers, 
the same procedure could not, of course, be followed, but for those cases he 
wished to suggest the use of ‘* dummies.”* This consisted in introducing into the 
furnace, as one of the charge, a ‘‘ dummy’ forging of the same material and 
dimensions as the forgings under treatment, but having drilled in it a hole for 
receiving a thermo-couple. The ‘* dummy ** would, of course, be spoiled by the 
presence of this hole, but a few such ‘* dummies *’ would last for a long time. 
If now the ‘* dummy"? is charged at the same time as the rest of the small 
forgings and its rise of temperature is watched, this will serve as an excellent 
guide to the temperature of the forgings in the charge, particularly if from one 
‘dummy ” in the furnace is changed so 
that the behaviour of various regions of the furnace is kept under frequent 
observation. The ‘* dummy *’ must, of course, be at the same temperature as the 
forgings forming the charge when they are introduced into the furnace. This 
procedure might also be regarded as a refinement by practical men, but again it 
was one which would lead to a very considerable advance in regularity of 
production. In actual practice the speaker believed that a very large proportion 
so-called mysterious failures arose from faulty heat-treatment, and that 
this was due not so much to any want of knowledge of what the proper heat- 
treatment temperatures were, but to the fact that the real temperature of 
the steel was very different from what the operator believed it to be. 


charge to another the position of the 


He would next like to refer to the question of welding, which had been 
mentioned by Dr. Hatfield, and he thought it was not going too far to say that 
in aeronautical construction, where heavy stresses had to be borne by joints and 
where failure would be so disastrous, welding should not be emploved at all. He 
spoke thus strongly from actual experience of many failures of welded joints in 
aireraft. Nor was this surprising when the character of the welding process was 
considered. There was first the difficulty of securing a ‘* sound weld—t.e., 
one free from actual cavities and from large enclosures of dirt,’> generally 


oxide. There was no means of knowing whether a given weld was even 
approximately sound or not, and many were very unsound indeed. Then there 


was the fact that the internal structure of the steel was most adversely affected 
in the neighbourhood of the weld, where it always exhibited the coarse structure 
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of seriously overheated or even burnt steel, and finally there was another danger- 
point which had not been as fully recognised as it should be. This occurred 
particularly in such objects as tubes and thin stampings at a little distance awa) 
from the weld itself. In tubes of ordinary size the distance was generally in the 
region of #in., and it was at that point that welded joints frequently broke both 
in practice and under test when the weld itself was fairly sound. This arose from 
the fact that at the time of welding we had a steep temperature gradient in thi 
steel—it was heated to the melting-point at the weld itself and a few inches awai 
it was cold; between these two points there were regions at all the immediate 
temperatures. Now in steel which was heated at a temperature just below thi 
critical point—/.c., in the neighbourhood of 650° to 7oo~ C.—a change of structurs 
took place with a degree of rapidity which varies with the nature of the steel, but 
which is generally very great in the soft steels used for welding. This chang 
consists in the ** balling up” of the pearlite—that laminated constituent which 
Dr. Hatfield’s lantern slides had illustrated was converted into a structure in 
which the lamina were converted into minute globules scattered through the 
ferrite. This change almost entirely destroved the strengthening eftect of th¢ 
pearlite and left the steel in a very weak condition; it was very soft and ductile, 
but it had an excessively low elastic limit, and that meant a serious risk of failure 
under alternating stresses, particularly as this weakness was confined to a very 
narrow belt or zone, in which the resulting deformations would be concentrated. 
This was a point requiring very careful attention, and if welding were to be 
continued in spite of its obvious and serious risks, it should be insisted upon that 
this particular evil etieet—and incidentally also the overheated structure close to 
the weld—should be removed by heat-treating the weld after its completion, as 
by normalising it. This was not possible in many structural joints, but that 
circumstance merely served as an additional argument against the use of welding 
for such joints. 

Finally he (Dr. Rosenhain) would like to refer to two questions relating to 
mechanical testing which had been raised by Dr. Hatfield. The first was in 
connection with the determination of the ‘‘ true’? elastic limit as distinct from 
the vield-point. It was the custom to speak of this as impracticable in commercial 
testing, because it involved the use of a delicate instrument called an ** extenso- 
meter.”* This was really a bugbear—the instrument in question was not mort 
delicate or difficult to use than many others now regularly used in commercia! 
practice. He would illustrate this point by a reference to a subject with which 
many of those present would be fully familiar, viz., the use of accurate gauges. 
What had once been regarded—implicitly, if not avowedly—as too delicate and 
difficult for commercial practice had now become an everyday matter. Similarly, 
testing with a simple form of extensometer, delicate enough to detect the elasti 
limit, could be made perfectly possible as an everyday matter. It certainly would 
require some *‘ tuning up*’ of works testing practice, and might possibly even 
entail that calamity—the employment of a rather better-paid and skilled man to 
do this vitally important work of testing—but that would all be to the good, and 
he felt certain that the steelmaker as well as the user would benefit enormously 
by such a development. The lesson that the rough-and-ready, apparently quickest 
and cheapest, ** good enough for works practice ** methods were not really the 
most economical and profitable would certainly be learnt in this case sooner 07 
later. He hoped that those concerned would learn it soon, and voluntarily, 
without waiting for the pressure of necessity to force advance upon them, as had 
unfortunately happened in so many cases. 


Perhaps the most serious point of divergence from the views expressed in 


the lecture concerned the impact test. Dr. Hatfield had, of course, referred 


H 
1 


the Izod test, and that was a form of impact test which was, in the speaker 


opinion, Open to serious criticism as compared with the Charpy form of impact 


u 


test. The most serious point of that criticism, but one which he regarded as. 


YIIM 
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vital, was that in the case of Izod tests of ductile materials the test-pieces wert 
not broken, but merely bent over. In the Charpy machine it was very rare to fing 
a piece which was not completely broken. The main point: was that he wishe« 
to testify to the very great value of a properly-conducted impact test. In a long 
series of investigations of failures in steels of all kinds the impact test had beer 
found most invaluable. There were numerous cases of ** mysterious *’ failure, 
as was well known to many present, in which tensile test failed to show any 
defect in the material; in nearly every instance, however, where this occurred the 
impact test at once showed the defective character of the material. He had yet 


to find a case in which the close correlation between micro-structure and impact 
fivure failed to hold. No doubt examples could be quoted which constituted 
apparent exceptions to such a generalisation, and since no one had applied the 
test systematically to every possible grade of steel it would not be surprising that 
in some special materials cases might be met where it was difficult to recognise 
the details of micro-structure which were associated with low impact figures. 
Such exceptions, however, merely emphasised the general fact that in the vast 
majority of cases a ‘* bad "’ micro-structure enabled one to predict a bad impact 
fivure with entire certainty. The border-line cases, where it became a delicate 
question of judgment whether the structure could be called ‘‘ bad’ or not, might 
present some difficulty, but for practical purposes there was no doubt that the 
micro-structure could be used with entire reliability to eliminate at sight the really 


dangerous cases of grossly wrong heat-treatment. It was for that purpose that 
he had recently, in that room, put forward the suggestion that some reference to 
micro-structure should be incorporated in specifications. There was sure to be 


some opposition to that suggestion, but that applied to every forward step in such 
matters. The impact test itself was in the same position, but its utility was being 
proved daily both in the laboratory and in the practice of aircraft inspection, so 
that it would have to be regarded as a permanent and valuable addition to our 
testing equipment. There was, of course, the consideration that an increasing 
number of testing methods implied a tendency towards undue complication in 
our specifications and tests, and that would have to be avoided as far as possible 
by a wise selection and distribution of tests. On the other hand, our requirements 
were steadily increasing in stringencv—nowhere more so than in aircraft—and 
our materials were also of increasing complexity of composition and delicacy of 
treatment, so that increasingly stringent methods of testing and supervision would 
have to be faced, both by the manufacturer and by the user. It was essentials 
a matter of cost—a question of the price we should have to pay in order to meet 
with certainty and safety these increasingly stringent requirements. 

Mr. A. A. Reminaron: [T have read Dr. Hatfield’s paper with the greatest 
interest, and, with the author, would like to point to the necessity for co-opera- 


tion between the engineer and the metallurgist. Both are dealing with structures, 
and their work is most intimately connected. The structure of the metallurgist 


c 


is of the microscopic order, whilst the engineer uses the structures provided by 
the metallurgist as a basis, and from it constructs structures of the terrestrial 
order. 

To get the best results it is necessary for both to study and understand to the 
utmost possible extent their own product, but furthermore also conjointly studs 
the combined product so that perfection in the combination may more nearly result. 

The paper under discussion is written from the metallurgist’s point of view, 
and throughout the early part of it there is an undercurrent of criticism of the 
engineer for lack of knowledge of his structures, 

While in general terms [ am in agreement with the author as to the elemen- 
tary state of knowledge on the part of the engineer in regard to the causes that 
affect the behaviour of his structures, [ think I may safely say that the leading 
engineers know at least as much on their side of the subject as the leading metal- 
lurgists do theirs. 
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\ tendency of human nature that has existed throughout all ages is to hide 
ignorance behind a mask of mysticism, and I am afraid that in the past this ten- 
denev has influenced the relations between engineers and metallurgists. We have 
to-night one out of many recent instances of metallurgists throwing this aside, 
ind I would strongly recommend engineers to follow suit. 

To get proper sympathy between engineers and metallurgists there is a great 
necessity for education, and nothing has struck me so forcibly as the appalling 
ignorance of the more recent practical developments of metallurgy as supplied to 
engineering on the part of many engineers, whom one would expect to know 
better. 

I am glad to say that the old gulf which appeared to exist between engineers 
and metallurgists until recently, is now practically non-existent thanks principally 
to the powerful forces brought into play by the war, and I notice a new type of 
scientific metallurgo-engineer is being developed... more rapid development o! 
engineers of this type, specialised in the various branches of engineering, would 
do much to wipe out the existing rule-of-thumb methods that persist in- mans 
engineering works even where research has pointed out the scientific method. 

Scientists constantly plead for more science to be applied to our industries ; 


such appointments accompanied by suitable powers would materially help to bring 


this about. 

Dealing with design from the engineer’s point of view, I would, without 
going into details, point out that these abominations of the metallurgist, ‘* sharp 
corners, shoulders and fillets of small radius,’’ may even be advantageous, just 
as an eminent metallurgist recently told a representative body of engineers. in 
regard to ingot defects, that ‘t the same kind of ingot defect may be at one time 
fatal and at another time actually beneficial,’ and **. . . if we are asked whethe: 
slag occlusions are deleterious, and we inquire how they lie in relation to the 
lirection of stress, our answer will not always be in the affirmative.”’ (Mr. H. 
Brearley, in a paper before the Manchester .\ssociation of Engineers, March 24th, 
IQI7.) 

As an example of the advantages of small fillets one might instance the aero 
rankshaft. Such a shaft is governed in Jength by the sum of journal and crank 
pin lengths, web thickness and fillets. The usual four-throw crank comprises 
5 journals, 4 crank pins, 8 webs, and 16 fillets; the fillets being waste length of 
‘rankshaft and therefore of engine as far as bearing surfaces are concerned. 

Assuming din. fillets, they account for 16 by gin. =6in. of engine length, and 
therefore a reduction to din. would save gin. of length. It would therefore appea: 
advantageous to adopt a larger diameter lower stressed crankshaft with small 
fillets and thereby produce a shorter and obviously lighter engine. 

Now for sharp corners. 

I instanced in discussing a paper before the Institute of Automobile Engineers 
a crankshaft that invariably broke, and a sawcut prevented the breakages by 
giving more length for local deflection, thereby reducing the localisation of stress, 
but at the same time introducing a sharp corner, which while not essentially 
desirable, was workable and Jess detrimental than the sudden change of section 
t eliminated. The following sketches are explanatory. 

In regard to rational testing procedure, in my opinion there is much room 


for co-operation. 

Routine testing as representing unproductive work should be reduced to the 
minimum providing sufficient safeguards for suitability of production are retained. 

The usual testing procedure which concerns itself with the behaviour of a 
material after its vield point, or perhaps its true elastic limit is passed, ts of little 
interest to the engineer as affecting the conditions under which materials are used 
in engineering structures, and tests which deal with the behaviour of materials 
under conditions of stress beyond the vield point would appear to be only useful 
in so far as they prove the standard of quality of a material and its suitability for 
the agreed working conditions. 
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Study of the behaviour of materials in these abnormal conditions is much 
easier and simpler than those under the useful conditions, and unfortunately 
appears to have attracted far more attention, I should like to join with the author 
in advocating the great advantages of more research in regard to the behaviour 
of the materials comprising structures under actual working conditions. 


} 
LNT OF FRACTURE | SAW 
} 
THO SRAFT THAT BROKC THE MODIFICATION “THAT STOOD UP 


] agree with much the author savs regarding ‘* factors of safety,’’ ‘* factor 
of contingency,’’ or what it sometimes amounts to, ** factor of ignorance,’” but 
would suggest that more prominence be given to the effect on the permissible 
modulus of elasticity,’? which involves considerations of rigidity, or 
permissible distortion of the parts comprising the structure. 

The fact that the ‘* modulus of elasticity is a fundamental property of 
a material, and therefore substantially unalterable, which means that it is the 
same for 100 tons of steel as for the mildest steel, has a profound, although not 
fully recognised, effect in limiting the extent to which engineers can make use of 
those wonderful products of the metallurgist’s art in weight reduction. 

Another point which I fear may not have been brought into sufficient pro- 
minence by the author is the question of stress reversal, and I would particularls 
call attention to this in connection with the consideration of aluminium as a useful 
alternative to steel. The illustration given might lead one to suppose that 
aluminium could usefully supplant steel for many parts, but such a conclusion is 
not justified and the illustration must be considered merely as such and in a very 
limited sense. 

I should like to ask the author what is his interpretation of the word “* soft,” 
as applied to the case of case hardening: steel, also for a more complete definition 
of the meaning applied to the word ** shock ’’ as applied to extreme cases of 
acceleration, so as to be quite sure we, /.¢., metailurgists and engineers, both 
mean the same when we use these words. 

In conclusion, I should like to congratulate Dr. Hatfield and your Society on 
one of the most interesting papers I have ever had the pleasure of discussing. 

Mr. J. H. S. DickENson: IT have to congratulate Dr. Hatfield on an excellent 
piece of work which should be of considerable use to all engineers concerned with 
the use of aeronautical steels, At the same time I feel that the ambitious attempt 
to cover so wide a field in the limits of a single paper has the great objection that 
many of Dr. Hatfield’s statements are unproved, and that insufficient opportunity 
is given for discussion of the numerous statements of merely personal opinion. 
Amongst many of the useful points mentioned by Dr. Hatfield, I am glad to 
see further reference made to the importance of rigidity in crank cases, etc., the 
outstanding value of a high elastic limit in many cases, and the bad effect of sharp 


stress of 


corners. The recurrent neglect of such matters, repeatedly insisted on in the past, 
is really surprising. There are, however, some statements made by Dr. Hatfield 
which it is almost one’s duty to challenge. Amongst these I place the references 


made to Bend Tests and to Notched Impact Tests. 
It is, perhaps, only fair to state that some two or three vears ago J should 
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have been more in agreement with Dr. Hatfield in this connection than I 

to-day, but time has brought conversion. Dr. Hatfield says that the simple bend 
test “‘is not appreciated and imperfectly understood.’’ Also that ** i 
vinced that too much reliance is often placed on notched impact tests and a much 
too ready interpretation placed on the results.”’ Because, in his opinion, the 
latter testing method is liable to abuse he would leave the whole question in the 
hands of ** unbiassed investigators *’ and so put back the metallurgical clock. 
\With regard to the simple unnotched bend test I can only say that if there is ani 


he is con- 


lack of appreciation it is not because of lack of use in the past, or due to prejudice 
against innovations. This method of testing, useful no doubt in the case of, shall 
we say, steel and malleable iron castings, breaks down badly when applied to 
certain alloy steels. 

It is a fact which, so far as I know, will not be denied by anybody who has 
taken the trouble to put the question to the proof, that the notched impact test 
is capable of showing differences in physical properties of steels which are not 
revealed by the tensile test, by ordinary bend tests or, and this is most important, 


by micro examination. This is most particularly true of certain nickel chromium 
steels. The information required is given by any of the notched impact test 
methods with which I am acquainted. The Charpy, Izod, Fremont, etc., all give 


indications which may differ somewhat in character, but point in the same 
direction, /.¢., determining whether the steel tends towards fragility or non- 
fragility. In the hands of a competent observer it is possible to deduce much 
the same thing from a small test bar suitably notched and broken in a vice with a 
fitter’s hammer when the manner of breaking and the appearance of the fracturc 
give quite valuable results. Now it is begging the question for Dr. Hatfield to sai 
that examples could be quoted from practice of material which has showed low 
Values, but which worked satisfactorily for long periods under satisfactory condi- 
tions. The perfectly true answer which can be made to this is, that fractures 
have occurred; I do not propose to quote specific cases in brittle nickel chromium 
steel which would not have occurred had different heat treatment produced a better 
physical condition, easily ascertainable by the impact test, but not to be deter- 
mined by either the tensile test or by micro examination. IT am quite aware that 
certain investigators claim to be able to distinguish microscopically between 
brittle and non-brittle nickel chromium steels. I consider this to be a verv rash 
assertion which would probably break down in practice. To prove this I have 
brought to-night a few lantern slides which may be of interest in this connection. 
No one denies the ability of the microscope to distinguish in many cases betweer 
correct heat treatment and heat treatment which may lead to disaster. For 
example, this slide shows the satisfactory micro-structure associated with good 
mechanical properties—in this case high elastic limit—which was found at one 
end of a forging which failed by fatigue. The next slide shows, at the same 
magnification, i.¢., 250 diams., the structure found near the point of fracture. 
This proves conclusively that faulty heat treatment has permitted the separation 
of free ferrite,.and thus to an unduly low elastic limit with increased liability. te 
failure by fatigue. A more spectacular case could be provided by showing how 
good and bad methods of annealing may produce large and small grain in steel 
jorgings. Such cases could be supplied wholesale, and prove the many _possi- 
bilities of systematic inspection by microscopic methods. Now, however, I show 
“a micro-section at 250 diameters of a sample of nickel chromium steel in the oil- 
hardened and tempered condition. This specimen gave a vield point at 42.0 tons 
sq. In., Maximum stress at 55.0 tons sq. in., and an excellent Izod test of 44 ft. Ibs. 
The micro-structure is troosto martensite showing dark etching acicular bundies 
with no free ferrite. The next slide is the micro-structure, at the same magnifica- 
tion, of another bar of the same lot of steel, but differently heat treated. This 
specimen gave an almost identical tensile test result, vield, maximum. stress, 
elong. per cent. and reduction of area per cent. all being nearly the same, but 
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the impact test is far lower, at only 16 ft. Ibs., and the steel may now be describea 


as brittle. The two micro-sections are, however, as much alike as two structures 
could be, this slide showing the same acicular arrangement in troosto martensite 
with no free ferrite, the individual crystalline grains being of similar size. The 


only difference is that in this case, under certain conditions of fracture, rupture 
will run rapidly along the crystal junction whereas in the previous case the 
amorphous cement, or whatever Dr. Hatfield would choose to call this interesting 
intercrystalline bond, would not allow of this. I may next show another pair o! 
slides showing: similar micro-structure to one another, but different to the pan 
first shown which give, as before, with exactly similar tensile test results, grect 
differences in the Izod test, proving considerable toughness in one case, and decided 
fragility in the other. I do not think that any real distinction can be mad 
between these two micro-structures, and consider that here again we must assume 
that the only difference lies at the ervstal junctions and is connected, in some way, 
with the so-called amorphous cement. 

Dr. Hatfield will, I know, because he has looked for it, confirm me in saving 
that this lies outside the reach of the microscope. Now I can supply many such 
comparisons to prove that to place the acceptance of nickel chromium steels in 
dependence on their micro-structures would be more likely to lead to the condemna- 


tion of much good steel than the elimination of bad material. The value of the 
impact test, in such cases, does not admit of further questioning. The main 


objection to the impact test, on the part of steel makers, is based less on the 
causes of variation mentioned by Dr. Hatfield, than on the great difficulty oj 
achieving standardisation, and on the practical difficulty of milling many smal! 
square test pieces in these busy times. In the latter connection the evlindrical 


impact test, now being worked out by Captain Philpot, is highly promising. As 
regards standardisation, | do not consider that it matters much which method is 
adopted so long as general agreement can be arrived at. The Izod impact test 


method, which is theoretically inferior in some wavs to the Charpy, has given 
excellent results in practice and is in such general use that its Immediate stan- 
dardisation, preferably on the basis of a round test piece, seems to me highly 
desirable. However, the Engineering Standards Sub-Committee on notched bars 
has this matter in hand. 

I will occupy little time in discussing further points, though there are many 
which I should like to raise. [I notice that Dr. Hatfield, on page 505, when 
discussing forgings and drop stampings, refers to the method of manufacture o! 
aero crankshafts by which a bloom is first forged to crank shape and then finished 
between dies. I have been personally directly interested in this process, and | 
know that it has been highly successful in practice. I have, on two previous 
occasions, in this same room, shown the advantages which the method presents, 
and it should not be necessary for me to do so again to-night. The advantages 
of this process of crank manufacture, as compared with others which T have had 
the opportunity of examining (and we have ourselves made crankshafts by several 
different methods) are exceedingly well marked. This is well known to those 
engineers who have had the opportunity of comparing various kinds of crank- 
shafts. Dr. Hatfield objects that great care is required in producing such ecrank- 
shafts. I do not know that Dr. Hatfield has ever seen a crankshaft made in this 
way, but in any case the answer is, that such care is taken, 

I am pleased to read Dr. Hattield’s remarks on the advantages of case- 
hardened gear wheels, with which I am generally in agreement. | notice that 
Dr. Hatfield views the relation of hard skin to soft core in the way in which it 
presents itself to me, his explanation of the behaviour of case-hardened parts under 
stress coinciding with opinions which I have previously expressec., 

In conclusion | would like to add that the needs first of all of the automobile 
industry, and later of the aero constructor, have reacted in a most beneficial was 
upon the steel industry. These demands have undoubtedly led to metallurgical! 
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progress, and by requiring higher physical properties, and greater uniformity in | ve 
the products of steel works have greatly accelerated the application of scientific pl 
method in works practice, previously only found to any conspicuous degree in | en 
armament works. This will no doubt have an effect, in turn, upon metallurgical | su 
products of a somewhat different order, that is to say, railway material and struc- | of 
tural steels. For this reason the efforts of the aero designer to improve his re 
machine will have a much more far-reaching effect than might at first glance be } th 
expected. I have again to thank Dr. Hatfield for a most interesting paper and | 0! 
only wish that time permitted to deal with more of the points he has raised, m: 
Sir CHarLes Parsons, F.R.S. (Chairman), in winding up the discussion, 
said that he considered that engineers realised the great advances which had taken | at 
place in the metallurgy of steel both as regards production and mechanical da 
properties. He thought the engineering profession generally was now taking a [| to 
much more intimate interest in steel, and this was really necessary if the excellent | to 
results which were now possible were to be satisfactorily and usefully obtained. th 
He quite agreed with the lecturer that sharp corners, causing, as they do, local | I 
concentration of stress, should be eliminated wherever possible. With regard to 
the use of aluminium which had been mentioned by several speakers, he thought of 
that the high thermal conductivity of that material would greatly assist its more |p; 
extended use in internal combustion engines. He was much interested in the | eq 
hardening of the piston head mentioned by the lecturer and agreed with = the ve 
explanation given. kr 
The question of impact testing seemed to have taken a predominant place in co 
the discussion, and he would like to ask the lecturer how manganese steel in the J. ar 


toughened condition responded to this form of test. 
He had much pleasure in proposing a vote of thanks to Dr. Hatfield for his 


| fe 
lecture, It 
al 

aul 

By CORRESPONDENCE 

Mr. A. Berriman: 1. 1] consider that the Aeronautical Society is to be or 
congratulated on having had such a comprehensive paper on a subject of so much bn 
importance to the aircraft engineer. To its value I can add nothing bevond the ui 
emphasis of those aspects of Dr. Hatfield’s subject that appear to me more SO 
especially significant. Thus, in the first place, 1 would desire to underline the 
direct connection between metallurgy and the problems of design. st 

2. The modern science of physical metallurgy, which has figured so 
prominently in Dr. Hatfield’s remarks, aims at investigating what is commonly til 
known as the quality of material, and it is this same quality factor that looms so th 
large in the theory ef weight saving. Economy of material is an object towards pl 
which all branches of engineering make a common cause, but it is the very axis st 
of aeronautical technology. 

3. To take the case in point, many members are no doubt familiar with Mr. th 
Lanchester’s well-known paper on the theory of weight-saving in engine design, 5 
which was read before the Institution of Automobile Engineers in 1go06. In that o! 
paper it was pointed out that the weight per horse-power of an engine varies as In 
the linear dimension divided by the 1.5 power of the specific strength of the be 
material. By specific strength is meant the ratio of the safe stress to the density. | 
For example, if the density of steel is three times the density of aluminium, then tr 
their specific strengths will be equal when the ratio of their safe stresses is 3.1. h: 
This is another way of saving that steel exceeding about 35 tons tensile is lighter 1 
than aluminium, when the exigencies of design permit the part to be made to the 
appropriate dimension. Extraneous considerations frequently govern the choice y 
of material in practice, but the academic aspect of the case is none the less worthy S 
of attention. in 


y. The competition between alloys of iron and allovs of aluminium is becoming 
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yerv keen. As time goes on it will become more acute, and it is in this field ot 
physical metallurgy, which Dr. Hatfield has so attractively discussed, that the 
engineer will find most aid to a clear comprehension of the pros and cons of the 
subject. The possession of allotropic modifications that are usually within reach 
of temperature changes within a range of the solid state gives iron a unique 
responsiveness to heat-treatment, and confers upon its alloys an advantage over 
those of most other metals. But this very fact at once throws upon the shoulders 
of the engineer some of the metallurgist’s responsibility for the quality of 
material. 

5. Ideally, every kind of steel should be heat-treated. — In practice it: should 
at least be a rule to heat-treat alloy steels. Their use in the raw state is both 
dangerous and waste of money. This may be a debatable statement in respect 
to some special forms where strain-hardening is an important factor, but in respect 
to stampings and forgings it should be regarded as axiomatic. It is because of 
the magnitude and importance of the divided incidence of this responsibility tha 
I make a plea for greater simplification in the varieties of steel. 

6. Dr. Hatfield is one of those who worked se hard on the Steel Committe 
of the Institution of \utomobile Engineers, which drew up the specifications that 
have recently been published by the Engineering Standards Committee. — | 
commend that document (Report No. 75) to the attention of those who have not 
yet seen it. My own feeling is that we do not so much need new steels as more 
knowledge of those we possess, and [ consider this publication of the E.S.C., 
coupled with the research now proceeding on samples of steels in question, to be 


-an important and, I hope, far-reaching step in this direction. 


7. Particularly do [ consider that the more widespread use of comparatively 
few types of steel would do much to enlarge the practical value of micrography. 
It is true that expert metallurgists disagree as to the visibility of the more 
abstruse defects in steel, but the fact remains that this process is an invaluable 
aid to our understanding of structure, and for my own part I have faith in the 
microscope’s ultimate elucidation of present obscurities. It is not by the study ol 
one, but by the comparison of hundreds of these steel pictures that this result will 
be attained, which is why IT emphasise the importance of concentrating our atten- 
tion as much as possible on the qualities of relatively few types of steel. To do 
so in the main is no deterrent to progressive experiment. 

8. Dr. Hatfield has referred to many interesting special steels. None is more 
striking in its composition and character than high chromium steel, as developed 
by Mr. Brearley in the laboratory over which Dr. Hatfield now presides. Some 
time ago Mr. Brearley sent me some of this steel for trial, and it seemed to me 
that it possessed qualities that rendered its use for high-temperature valves very 
promising. | expect many of vou have already observed the word ‘ stainless * 
stamped cn the more recently purchased cutlery. 

9. Iam afraid I have been rather discursive, but so, too, was the author ol 
the paper, and the points [ have tried to underline are, perhaps, somewhat 
scattered in his text.. If, however, I have emphasised the immediate characte) 
of the direct connection between metallurgy and design, the importance of quality 
in the theory of weight saving and its significant influence on the competition 
between steel and aluminium, I shall have made my first points clear. If, further, 
I have succeeded in interesting engineering manufacturers in the desirability o| 
Irvine to use standard steels, and the metallurgists in the bearing that this ma 
have on our micrographic knowledge o! ; 
matter that IT have much at heart. 


steel structures, I shall have advanced :1 


Professor DaLBy: This paper is so comprehensive that it) may almost. be 
regarded as a treatise, and it is not possible, therefore, to discuss it at. all 
adequately in a brief statement. It raises many points of interest, and contains 
information of the highest value which should have the effect of introducine: more 


= 
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scientific methods of testing amongst engineers, certainly amongst those who are 
users of steel. 

I will confine my remarks to one or two points. Dr. Hatfield mentions that 
maximum load, 


‘the ‘maximum stress,’ as generally understood, t.ec., ————.—_,—_ 

original sectional area, 
can as a rule be determined exactly.”’ He then states that ** what the maximum 
he maximum stress of which the material is 
capable. It has been shown that it is possible with ductile material, by a simple 
modification of the shape of the test-piece, to make it withstand a higher stress 


stress signifies may not always be t 


than the maximum as ordinarily determined.’’ I can illustrate this from some 
results which I have published elsewhere. 

In testing a series of test-pieces from the same material, of continualls 
diminishing length, it is found that as the length diminishes a point is reached 
where the maximum stress, as defined above, begins to rise until the length has 
been reduced to din., when the stress, normally 30 tons per square inch, appears 
to be nearly 50 tons per square inch. 

Dr. Hatfield also savs that ** it would be an interesting addition to the data 
usually obtained from the tensile test if the actual breaking load per square inch 
of reduced cross-section could be more frequently determined.’’ In the tests 
carried out in the Engineering Laboratory of the Citv & Guilds (Engineering) 
College this stress is generally determined, and it is calculated by taking the load 
on the specimen at the instant of fracture (which is recorded on the diagram) and 
dividing it by the actual area of the bar at fracture. 

The stresses measured in this way show a much narrower range of variation 
than the range for the corresponding ultimate stresses. I quite agree with Dr. 
Hatfield that it is a measurement which should always be taken when possible ; 
but I do not quite agree that ** the percentage reduction of area is a better guide 
to ductility than elongation, and has the further advantage of being less dependent 
on the length of the test-piece.’” I have found considerable variations in this 
quantity due probably to local variations of quality which have little effect on the 
elongation taken on longer lengths; I should not rely on a series of measurements 
of contraction of area as an index to ductility apart from the elongation test. 

I note that Dr. Hatfield, although he does not mention it specifically, regards 


it as important that the test bars should be geometrically similar. This 1s 
fundamental if an\ method of testing is to be generally adopted which shall 
furnish comparative figures of ductility. The present haphazard way of defining 


ductility by reference to a certain length without regard to the shape or diameter 
of the specimens gives figures which are not comparable one with another even 
for bars of the same material. Iam convinced that a great deal of the uncertaints 
in the ductility tests could be avoided if it were possible to agree to a standard 
form of test-piece, which need not necessarily be long. I have shown elsewhere 
that reliable tests can be made on short specimens by measuring the clongation 
between shoulders, which, of course, includes the end effects. If the test-pieces 
are geometrically similar, the effect of the ends can be included equally with the 
effect of local contraction. 


The problem now is to get a general agreement among users of material as 
to the form of test-piece which should be adopted, so that it may be practicalls 
possible to prepare geometrically similar and comparatively small test-pieces at 
little cost, in order to include a large range of material within the comparative 
limits. 

Mr. R. T. Roure: Dr. Hatfield’s extremely lucid and comprehensive treatment 
of his subject is such that very little adverse criticism is possible. One or two 
minor points, however, are worth further consideration, one of them concerning 
the Izod and Charpy impact tests. 

With reference to these, Dr. Hatfield states that ‘‘ the variability in 
the results for the same material, for no apparent cause, forms, in my opinion, a 
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serious objection to the test.”’ It has, however, been previously pointed out that 
in the case of these tests, the variation in the results from the same test bar is 
practically always much less than the variation between good and bad samples 
of the same steel. As an instance of this may be quoted the following results, 
which have just been obtained by the writer from different three-notch test bars 
of the same nickel-chrome steel, heat-treated in different ways :— 


3 4 
3-9 
aS 13 20 24 
3-0 £355 19.8 27-5 


The figures given below illustrate about the maximum variation that may be 
obtained from the three different notches of three test bars of another nickel- 
chrome steel, in a state supposed to conform to R.A.F. 2a (now 2b), 4c foot lbs. 
ving demanded for the Izod test :— 
being vanded for the Izod test 
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Here, and as is usually the case, the variation in impact figure does not aftect 
the ultimate issue, which is whether the steel conforms or does not conform reason- 
ably with the specified figure. It is obvicus that, considering impact results only, 
\ and B are much below specification, while C would be accepted. The com- 
paratively small variation in the three results from the same notched bar with 
the nickel-chrome steels is well demonstrated in Dr. Hatfield’s table on page 505. 

Further investigation is, of course, necessary to endeavour to ascertain the 
cause of the present variation, and, if possible (although this is doubtful) to 
eliminate it. In this direction the writer is now doing a certain amount of work. 

It is interesting to read Dr. Hatfield’s remarks on the Shore and_ Brinell 
hardness tests, and the relation between these two tests and the tensile figures of 
against the 
existence of these relationships, which matter is verv fully dealt with in the recent 
report of the Hardness Tests Research Committee of the Institution of Mechanical 


a material. Without going into the theoretical reasons for and 


Engineers and the discussion thereon, there is undoubtedly in certain cases a fairly 
well marked relationship between these properties. In this connection it) may 


be interesting to refer to the accompanying figure showing the effects of annealing 
cast iron at different temperatures, the results having recently been obtained by 
the writer in connection with a question of the annealing of some C.I. pistons. 
It will be seen that this is a case where the two types of hardness test not only 
agree fairly well with each other and with the tensile test, but also agree to some 
extent with the results from the Stanton impact test, obtained by using a Sin. 
fall of tup and making 80-90 impacts per minute. The lowered impact resistance 
between 300° and 500° C. appears to be connected with the pronounced brittleness 
to impact of nearly all steels when the test is actually made at these temperatures 
(compare the increased brittleness of mild steel when worked at the blue tempera- 
ture, than when worked cold). A lowered impact resistance is also noticeable, 
but to a very much less degree, with some steels, tested cold, but which have 
previously been tempered at about the same range, 300-500° C 

It appears, therefore, that the somewhat maligned Stanton test, which I am 
glad to note Dr. Hatfield considers ** should offer useful data to the engineer,” 


be worth trying. With cast iron, Charpy and Izod tests give 


May in certain cases 
a value of about 1 foot Ib., either in the material as cast, or annealed at any 
temperature, and therefore do not discriminate between the material treated in 
different ways. From the work already done, it appears that there may be some 
relation between the Stanton and some of the other mechanical tests emploved. 

As to the precise value of the Stanton test, the writer makes no claim. He 
is only concerned to show that it is worthy of some attention. Further work is 
in progress on the annealing of C.I., with intent to verify (if possible) the results 
of the work already carried out. 

Throughout Dr. Hatfield’s exceedingly valuable paper, many suggestive 
points are raised, the discussion of which in the course of a short communication 
is impossible, but which should stimulate in many new directions the future pro- 


gress Ol 


all engaged on aero constructional work. 


Mr. ARTHUR StubBs: On page 46g the author refers to the engineer responsi- 
ble for producing aero parts having a sound appreciation of the metallurgical side 
of the business, and I would like to couple with that a knowledge of drop forgings, 
ts it is quite evident from a number of the designs I have had to criticise from 
time to time that a greater knowledge on the part of the engineer of the ait of 


he limitations of the process, would result in more. satis- 


the drop forger, and t 
factory and reliable parts being obtained. 

On page 471 the author, when commenting upon the factor of strength, refers 
to the difficulty of measuring the true elastic limit, and T, personally, do not sec 
any real or sound reason why the elastic limit should not be more readily and 
frequently obtained in works practice. A step in the right direction would be, 
when framing specifications, to state how this property shall be obtained, and 
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the clause inserted in specifications adopted by the American Society for Testing 
Materials is worthy of consideration by English engineers. 

I fully substantiate the author’s remarks upon the same page, when he refers 
to the necessity of paying more attention to the consideration of internal stresses 
left after forging, and also after heat-treatment, and when discussing the factor of 
safety more consideration should be given to quantitative destruction tests. 

On page 475 the author refers to the relative stiffness of connecting rods of H 
section and hollow tubular section, and while it may be true that the H_ section 
appears to be superior in preventing buckling, | think it may be found in actual 
tests that, due to the mere satisfactory forging one can make when of the tubular 
section and the better state of the material due to less internal stresses, the tubular 
section is the better fer many purposes. 

On the same page, when dealing with mechanical testing, the author refers 
to a well-known fact that for many steels the vield-point is net of a definite value, 
but if a tensile test is carried out with the aid of an extensometer, as it can be even 
in works practice, in the hands of an experienced inspector, the true elastic limit, 
which is really what is required, can be determined within a reasonable degree of 
accuracy, 

I quite agree with the author that the percentage reduction of area is a better 
index to ductility than percentage elongation. 

On page 477 the author refers to impact tests, and I do not agree with the 
conclusion he arrives at when he states that in detecting brittleness of a dangerous 
nature the general usefulness of this test remains to be demonstrated. It is 
within my experience that one may find materials giving the same result in tensile 
test vet differing very greatly under the impact test, and there is one important 
point which | would like to ask information on while dealing with this matter, and 
that is, the reason why, of two nickel-chrome steels of the same analyses, but 
different casts, used in the same forgings, and given identically the same treatment, 
one will give a good impact figure and the other a very bad one?) While agreeing 
that these tests are not as satisfactory as one would like to see them, one must 
remember that thev have only recently been adopted in this country, and the only 
machine that has had any great use has been of the Izod type, which machine is 
open to many serious objections. There is no doubt that with the Charpy type of 
machine more regular and uniform tests can be obtained. Furthermore, if one 
makes a series of tests upon unnoticed test-bars, it will be found that the values 
vielded are, as might be expected, more uniform. Further research upon this 
form of test is urgently needed, but there is no doubt in my mind that the impact 
test has come to stay. 

When referring to Brinell tests on page 479 the author refers to this 
test as being a not infallible guide as to machining properties, and I would go 
further and state that this test is never an indication of the machining properties 
of metals. 

I would like to put in a plea for the more extended use of the torsion test, as 
referred to on page 480 as so many parts have to withstand torsional stresses, and 
it is well known that certain alloy steels in this respect show up distinctly better 
qualities than others. 

On the following page the author deals with the steels used in aero 
construction, and states that some people successfully employ chrome vanadium 
steels, and if this is the case it would appear desirable to know something more 
about it, but the author makes no further reference to this material in any part of 
the paper. 

Where the total values of various steels are being considered I think it will 
be found that this material exhibits most useful properties, some of which are not 
given by other alloy steels. 

On page 498 the author refers to the use of air-hardening steels, and predicts 
that when they are more completely understocd they will be used to a much 
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greater extent than at present. Unfortunately the employment of this steel for 
drop forgings has not given universal satisfaction, This is due mainly to two 
causes: (1) The specifying of this material for a design which cannot be conformed 
to without spoiling the material, and its use for parts where a steel of less tensile 
strength would be equally and even more satisfactory. (2) The general lack of 
knowledge on the part of drop forgers as to the properties of this material, and 
the handling of same by men who have had no experience in forging steels of this 
character. Any part necessary to be made in an air-hardening steel as a drop 
forging should be of simple form; sharp angles, deep ribs, and thin webs should 


orn 


be things unheard of and unseen in the design. 

On page 499 the author refers to the use of stainless steels for aero valves 
instead of high-speed steels, and it is much to be regretted that (especially in the 
early days of the tungsten shortage) its use was not more encouraged. It is 
within my knowledge that stainless steel has given equal and in somé cases better 
results than high-speed steel, and it also has the advantage of being much 
cheaper. 

On page 503 the author refers to the use of alloy steel for forging and drop 
stamping, and | heartily agree with him that all alloy steels should be heated up 
slowly and uniformly, as a good many of the failures and also rejections of drop 
forgings have been due to not carrying out this simple practice. Insufficient 
attention has been paid also to methods of forging, especially as regards the 
preliminary work of forming or roughing out prior to stamping. The author also 
states that there are certain steels which probably the drop stamper would be wise 
to avoid, and if this is the case it is highly desirable that a recommendation from 
such an experienced metallurgist as the author should be forthcoming. 

* | have previously advocated the closer co-operation of the designer, steel- 
maker, and drop forger, and | am glad to see the author so strongly recom- 
mending what should appear really obvious. It is not so long ago that the steel- 
makers, when requested by the drop forger to give the analysis of the material 
he was supplying to a certain specification, absolutely declined to give this 
elementary information, but the issuing of the Engineering Standards Committee's 
Specification for Automobile Steels has done much to break down the. barrier 
which existed between the two parties. 

No emphasis is needed upon the point raised as to the evil effects 
of overheating a drop forging, and the same remark may be extended to include 
cold working, particularly steels of an air-hardening character. 

On pages 505-6 the author gives exceedingly useful information as regards 
the physical tests obtained from three steels after various heat-treatments, and it 
would appear desirable to have the analysis of the three respective steels. 

I would like to thank the author for the large amount of ground covered and 
information given within the compass of a single paper, which I am sure will be 
of much interest and service to the aeronautical industry. 


Dr. Thompson (Sheffield University): Dr. Hatfield’s most interesting contri- 
bution to our, knowledge of special steels will be received with great pleasure by 
metallurgists and engineers alike. Especially valuable are the test results on page 
30, correlating, as they do, the ordinary tensile properties with impact values. 

There are very many points which invite discussion, but the one to which 
attention is perhaps most worth drawing is Professor Arnold's alternating-stress 
testing machine. It is mentioned that resistance of steel to this form of alter- 
nating stress usually decreases as the maximum stress increases. Over a vers 
broad range of carbon contents this is undoubtedly true, but a consideration of all 
the published data revealed the extremely important fact that for a large variety 
of special steels, when in their normal and annealed condition, the alternations 
endured reached a fairly pronounced maximum in the neighbourhood of 0.3 per 


* See the LA.k. Proceedings, 1915. 
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cent. carbon. The following figures show this for a 3 per cent. nickel steel, but 


tungsten and chromium steels give analogous results :-— 
ALTERNATING STRESS (ARNOLD) TESTS FOR 3 PER CENT. NICKEL STEEL 
(NORMALISED). 
Carbon, per cent. 0.28 0.47 0.67 0.91 
Alternations... cay 319 350 27 209 149 


It is a curious fact that in the quenched and tempered condition this maximum 
at 0.3 per cent. carbon no longer appears, and Dr. Hatfield’s remarks are 
completely verified. 

It may be worth noting that the Arnold test gives results which are reflections 
of no single item of the tensile test—unlike the Wohler test, which merely reflects 
the yield-point. Thus for a 7o-ton maximum stress alternations have been 
registered from 90 to 300, while steels which all gave an elongation of 15 per 
cent. have withstood from 50 to 200 alternations. It is therefore apparent that 
this form of alternating stress test does reveal some property not brought out by 
tests in common use, 

One point in the paper was of special interest, viz., that which dealt with the 
true elastic limit. For several vears the writer has given considerable attention 
to this point. The actual determination of the frue elastic limit as distinct from 
the vield-point, from which it differs sometimes very greatly, especially in annealed 
steels, cannot be carried out as a routine method of practical testing. The writer 
has, however, shown that the coarseness of the micro-structure of the steel is 
responsible for the low elastic limit in annealed steels, and a measure of the limit 
in most steels of the same composition, and some use might conceivably be made 
of this point in routine work. To those interested in this subject reference may 
be made to Professor Arnold’s classical paper on ‘*‘ The Factor of Safety in 
Marine Engineering,’’ published in the ‘‘ Trans. Institute Naval Architects for 
1908,”’ p. 260. 

Dr. HATFIELD, in replving, said that he first of all desired to record his 
appreciation of the excellent discussion which the paper had received. Perhaps 
the most valuable feature was the genuine openness of mind of all the contributors 
which made the interchange of ideas both pleasant and profitable. He felt amplv 
repaid for any small effort of his in preparing the paper. His object had been to 
place before aero engineers reliable data concerning steels and their application, 
with the serious purpose of assisting to minimise or eliminate difficulties and 
troubles arising during manufacture and in service. Incidentally to provoke 
discussion upon various matters which, in his opinion, called for earnest attention. 
In the latter direction he felt that he had been successful. Indeed, the discussion 
had been such a full one that, without preparing another paper in reply, it was 
almost impossible to deal with all the points raised. 

He had been pleased to see Professor Carpenter present, particularly as it was 
largely due to the work of the Professor and Mr. Keeling that they were indebted 
for the data upon which the present iron-carbide diagram was built. He hoped 
his paper had resulted in still further indicating the close relationship which must 
needs exist between the pure and applied science. 

With regard to the elastic limit determinations, he was interested in the 
remarks made by Professor Carpenter, Colonel Bagnall-Wilde, Dr. Rosenhain, 
Dr. Thompson, and others. His (Dr. Hatfield’s) view was that the engineer 
might usefully familiarise himself with the general values of the limit of propor- 
tionality for the diverse conditions of different steels, but as the readings 
demanded thoroughly skilled observers and considerable time, these considerations 
militated against the figure becoming other than a factor in experimental work. 
He was pleased that Professor Carpenter had emphasised the point raised in the 
paper with regard to the special opportunity existing in small aeroplane parts for 
careful heat-treatment. In the paper he had discussed this matter at some length, 
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and could only reiterate that he felt sure that any extra time and attention given 
to the hardening and tempering shop would be amply repaid in the properties 
and reliability of the final parts, 

Much had been said upon the impact test, and the statement in the paper to 
t really merited the careful attention of unbiased 
investigators had been amply confirmed. For instance, his friend Dr. Rosenhain 


the effect that this form of te 


considered that he could discriminate by means of the microscope between hig 
and low impact materials, whilst Mr. Dickenson apparently held that no suc! 
evidence could be obtained by the microscope. As a matter of fact, in his opinion 
both of them would probably be found to be partly correct. Generally, t 

changes in impact value were accompanied by changes in the values obtained in 
the tensile and other tests, and when that was so he would be prepared to admit 
that, generally, but not invariably, Dr. Rosenhain’s contention was correct 
There was, however, definite evidence that, with very little variation in tensile 
figures, differences are brought out by the impact test, which cannot—at any 
rate, under ordinary magnification—be explained by the micro-structure. It will 
thus be clear that statements apparently contradictory are equally true in a limited 
sense, and incidentally one might observe that this usually is so when the speakers, 
as in the present case, are men with an intimate knowledge of their subject. He 
noticed that Mr. Dickenson definitely stated that steel giving only 16 foot-lbs. on 
the Izod impact testing machine may be described as “‘ brittle.”’ He (Dr. 
Hatfield) would suggest that if that speaker surveyed steels in general in a broad 
manner, in conjunction with their impact values, and the work which they were 


called upon to do, he would find such a statement to be an unjustified one. 


Various steels largely used might well be cited which would not be considered 
‘brittle ’* at such a figure. \t any rate, their behaviour in service undet 
stringent conditions certainly does not justify their being so described. The 


impact figure represents the number of foot-Ibs, of energy required to smash the 
notched 10 mm. square test-bar, and it will be appreciated that if smashing under 
impact is to be taken as an indication of ** brittleness,’ a figure which indicates 


‘ brittleness ** in one steel must be a similar index of the same condition 
another. 

With regard to the round impact test-piece developed by Colonel Bagnail- 
Wilde and Captain Philpot, mentioned by several speakers, he (Dr. Hatfield) saw 
no reason why the round form should not replace the square one for general 
purposes, providing it is properly standardised. 

Sir Charles Parsons had asked what impact value would be obtained fron 
manganese steel in the toughened condition, and | 
probably be a good one. Sir Charles was perfectly ri 


lad suggested that it would 
ght. The figures obtained 


rom such material were very good. 


Whilst speaking of Ipact testing. and brittleness it might be useful 
consider the statements made in the discussion by Mr. Fowler, Colonel Bagnall- 


Wilde and Dr. Rosenhain to the effect that jow impact values are almost always 
associated with failure. He would sugevest that before vou can determine the 
effect of one particular factor, that factor must be the only variable. or 
instance, we were told that crankshafts failed because of low impact values. but 


Was it not relevant to ask whether such factors as faulty design, faultv worl 


‘tallurgical and other defects, ete., had been eliminated in such cases? 
ally, it might be asked whether numerous crankshafts which have ha 
ful life have been examined with the same detailed care as those w 
wave failed from various causes. He (Dr. Hatfield) had frequently known the 
examination of good examples to modify definitely the opinions formed upon 
derived from bad ones. Incidentally, when examining the impact value of 
which had failed, care should be taken that. thi impact piece was cut fro1 


portion of the specimen sufficiently far removed from the fracture to truth 


epresent the or nal cor dition of the material. \[r. Rolfe and \Ir. Stubbs 
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: ti also commented in an interesting Manner upon the usefulness of the impact test, 
and he quite appreciated their point of view. In leaving this question of impact 
testing, it was, of course, clear that a mass of interesting and valuable data had 
Ss 
er t . . = 
been, and is being, collected which, when properly considered, would no doubt 
: be quite useful. The discussion had, however, brought out differences of opinion 
hi which must be reconciled. As regards the part plaved, or to be played, by this 
S| form of test in specifications, he (Dr. Hatfield) had no desire to make any comment. 
aan He had dealt with the subject from the detached standpoint of the investigator 
; and simply asked that the impact value should not attract such predominating 
¥ attention as to result in the exclusion of a proper consideration of other important 
al factors discussed in the paper. 
amit : : 
He much appreciated Mr. Remington’s remarks, and agreed with him that 
rect. gs! 
7 the engineer and metallurgist were now evidently collaborating in the manne 
which the close relationship of engineering and metallurgy demanded. Mr. 
Remington’s own activities had had quite an influence upon this development. 
Particularly was it a pleasure to find an engineer like Mr. Berriman handling the 
metallurgy of steel with such sympathy and insight. With regard to the points 


raised by Mr. Remington, he thought the example which he gave of a crankshaft 
improved by putting a saw-cut instead of a radius at the change of section was a 
particularly interesting one. The explanation given, that the greater locai 
deflection causes a redistribution of stress, was quite reasonable. There was, 
however, another possible reason which could be suggested for the increased 
strength, viz., that in the first sketch there are two corners directly opposite tio 
each other on different sides of the web; in the improved design the corners ar¢ 
separated in a direction parallel to the web. The combined effect of the tw 
corners of the first view would naturally tend to cause weakness. He was pleased 


v€ | Mr. Remington had requested him to specify what he meant by the word ‘* shock ”’ 
ee applied to extreme cases of acceleration. He quite agreed that it was necessary 
der | to avoid confusion as to the meanings applied to this term. A live load he (Dr. 
ata Hatfield) took to be one which is applied to a particular member suddenly in such 
a way that the inertia of the moving parts carries the ‘‘ straining ’’ effect 
| temporarily beyond that which would be produced if the same load were applied 
=e steadily. A ‘‘ load supplied with shock ’’ he took to be one which, besides being 
" a applied suddenly, comes into action with a certain amount of kinetic energy, 
Pats which has to be absorbed or dissipated in some way. The ‘“‘ pressure ot 
explosicn ** in its effect on the piston rod of an internal combustion engin: 
ie approaches to the ideal of a ** live load,’’ whilst the impact of a valve on returning 
ue | to its seat is an example of a ‘* shock.’’ Mr. Remington also asks for 
nec | statement as to the meaning of the word ‘‘ soft’ as applied to case-hardening 
steels. He (Dr. Hatfield) would suggest that the term ‘* soft ’’ used in the sense 
| emploved in the paper means capability ef a large amount of plastic deformation 
5 With regard to Mr. Berriman’s remarks, he was in general agreement and 
"S| was pleased to see that that speaker, with considerable experience behind him, 
te} emphasised the necessity of the engineer seeing that the steel received suitable 
He | heat-treatment. As Mr. Berriman savs, ‘‘ their use in the raw state is both 
pu | dangerous and waste of money.’’ The author looks forward to the time when 
a engineers generally will have realised that a little more intimate knowledge of 
ons the constitution and treatment of steel will have enabled them to understand its 
great possibilities. 
He much appreciated Professor Dalby’s contribution. It was naturally 
US particularly useful to have his comments upon tensile testing, of which subject 
the Professor had of late made such a special study. He would like to commend 
| Professor Dalby’s method of taking stress-strain diagrams to engineers as one 
likely to be of the utmost service to them. As regards the semi-independence 
of elongation and reduction of area, he regretted that that portion of his paper 
had perhaps not received the amount of discussion which he had hoped. . 
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With regard to Mr. Dickinson’s remarks concerning the method of making 
crankshafts ** in which the bloom is forged to crank shape and finished between 
dies,’’ in which he (Mr. Dickinson) takes particular interest, it was of interest 
to have his assurance that ** the considerable care required in such process ’’ was 
given to that method of production. 

As a result of Dr. Rosenhain’s contribution, he felt that they were sub- 
stantially in agreement, and he was particularly pleased to notice the emphasis 
which had been given to the troubles accruing in the welding operation. He 
was also pleased to note that Dr. Rosenhain shared his views with regard to the 
necessity of complete pyrometric control. Dr. Rosenhain opened by pointing 
out that there is now substantial agreement amongst metallurgists with regara 
to the main factors of steel metallurgy and that the engineer may now, with 
confidence, accept a large mass of facts which can, and must be, of inestimable 
service to him, and this general statement of Dr. Rosenhain’s would, he felt sure, 
have the support of all serious metallurgists. The question of examining the 
manner in which the silicon occurred in the steel, i.e., as to how much occurred 
as SiO, in the form of slag inclusions and how much as silicon in solution as 
FeSi in the steel, was an interesting one, and one which would admittedly be of 
immediate scientific interest, and probably, ultimately, of works interest. 

With regard to Mr. Stubbs’s remarks, he quite agreed that chrome-vanadium 
steel was a very useful one. With regard to air-hardening steel, obviously, 
owing to its particular properties, it would have to be studied very closely by the 
user, and Mr. Stubbs’s comments re its manufacture into drop forgings were 
clearly to the point; it was necessary that the particular properties of this steel 
should be carefully studied and the design of the forging limited to the 
capabilities of the steel. He was glad to note Mr. Stubbs’s comments re the 
value of stainless steel for valves, and could personally confirm the observations 
made. With regard to Mr. Fowler’s query as to the properties of cold-worked 
stainless steel, particularly in connection with R.A.F. wires, he wouid say that 
they had investigations at present in hand covering the ground mentioned. He 
would take an early opportunity of communicating with Mr. Fowler direct in 
connection with this matter. 

He was much interested in Dr. Thompson’s contribution, which raised one 
or two particularly useful points. It was of interest to see Professor Arnold’s 
alternating stress test discussed, and the data provided by Dr. Thompson might 
usefully be considered along with the comments found in the paper. He had 
followed with considerable pleasure Dr. Thompson’s recent papers dealing with 
the effect of crystal size, etc., on the mechanical properties, and work in that 
direction, he felt sure, would result in a much more complete understanding of 
the properties of steels and other metals. 

The comments made by Sir Charles Parsons, Mr. Fowler, Colonel Bagnall- 
Wilde, Professor Carpenter, and others, on the utility of aluminium and _ its 
alloys would be of more than general interest to the engineers engaged in aero 
work. 

He quite agreed with Colonel Bagnall-Wilde’s suggestion tnat « paper on 
** Steel Tubing *’ would be a valuable one and of immediate interest, and he (Dr. 
Hatfield) hoped that the Council of the Aeronautical Society would tale the hint 
and prevail upon some expert in tubes to give them a paper. 

In conclusion, he was afraid that he had not, in the space at his disposal, 
been able to adequately deal with all the points raised in the discussion, but he 
much appreciated the interest which had been taken in the paper. 

At the termination of the evening General Ruck proposed a vote of thanks 
to Sir Charles Parsons for his presence in the chair, which was unanimously 
carried. 
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THE FLIGHT OF BIRDS. 
BY COLONEL FULLERTON, R.E. (RET.). 


|.—Introductory Remarks 

1. The object of this paper is to explain the principles upon which the 
flapping flight of birds depend and to show how the velocities, power expended 
and gliding angles can be approximately calculated. The birds are considered 
to be flying on a horizontal course with constant velocity. The calculations have 
been made for five birds, the Teal, the Grouse, the Common Swift, the Starling 
and the Stork, but the formule given can of course be used for any bird. 


2. The results obtained seem to show that :— 
ist.—As regards velocities, the very high speeds given by some writers 
are by no means so impossible as is generally supposed. 

2nd.—The power expended at these high speeds is much less than the 

estimates usually made. 

As regards the Teal, full details of the calculations are given in Table II. In 
order to save space, only summaries of the results for other birds are shown 
(see par. 9). 

It should be noted that the main points required are: Velocities of least 
power and least resistance, the power expended at any velocity, and the gliding 
angles having the most favourable value. 


I1.—Information Regarding the Dimensions of Birds 


3. To enable the velocities, power expended, etc., to be found, certain 
information regarding the dimensions of the birds considered is necessary. In 
the case of the birds mentioned above, this is given in Table I. 

Most of the details are taken from the ‘‘ First Report of the Bird Construc- 
tion Committee of the Aeronautical Society of Great Britain,’’ which gives the 
weights, wing surfaces, etc., of a large number of birds. As the metric system 
is used in the Report, the same system is followed in this paper. Results in 
British units are sometimes given, any others required can be found from the 
usual tables given in text books. 


IIl._—The Bird Considered as a Machine 
4. The bird is, of course, a machine; very similar to an aeroplane, but it 
differs from the latter in the following respects :— 


ist.—The wings sustain the weight in the same way that the planes do, 
but they also act as propellers (oscillating type) to drive the bird 
along. 


2nd.—The exterior parts of the wings are flexible and consequently the 
cross sections vary with the speeds of advance and wing rotation. 

3rd.—The resistance of the wings to horizontal forward motion decreases 
apparently with the velocity of advance, instead of first decreasing 
and then after a certain velocity is reached increasing, as in the 
case of the aeroplane. 

4th.—The power plant of birds, like that of men and unlike that of 
aeroplanes, can give considerably increased power for short periods. 
This is the reason why some birds are able, for short periods, to 
fly at almost incredible speeds. 
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the constructional point of view, the bird consists of a body with 
and starting gear) and wings. 


1st.—The Body.—The chief point of interest about this is its remarkably 


2nd. 


good shape, offering as it does very little resistance (r,) to forward 
motion. In full flight, the legs are either tucked up underneath 
the body or stretched out horizontally behind it, so as to keep (r,) 
as small as possible. 

—The Wings.—Fig. 1 shows the plan of a bird in flight (wings in 
most effective position). It will be seen that the parts, a a, are 


Low 


SPEED 
Fic. 2. 
Cross Sections. 


Fie. 1. 

Plan. 

more or less rigid, while ) b, the outer portions, are flexible, and 
vary their shape according to the velocity with which the bird is 
moving. Fig. 2 shows the cross-sections of a wing at low and 
high speeds. At low velocities it is more or less parabolic, but 
as the speed increases the parts b b become nearly horizontal, and 
as a consequence the aerodynamic characteristics at the two 
velocities are quite different. This power of varying the cross- 
section is of the greatest importance and is the main cause of the 
effective way in which the birds fly. Fig. 3 shows the transverse 


H =amplitude. 
C. of P.=Centre of Pressure. 


BIG. 3, 
Transverse Section 
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section of a bird in flight. It is clear that if B=number of beats 
per sec., U’=vertical velocity of the centre of pressure of the wing, 
then 

where H=amplitude. The centre of pressure of a wing is usually 
considered to be at a point 7o per cent. of the wing length | from 
the socket in which the wing rotates. As regards H, its average 
value is, according to Von Lendenfeldt, =.71 and this may be 
considered a standard and constant value. The reason for this is 
that for any value of U B and H vary with each other, and it is 
therefore immaterial whether the bird uses a large amplitude and 
a small number of beats, or vice-versa. It is possible that this 
theory is not quite correct, but it is a reasonable assumption for 
the calculations which follow later on. 
\ 
fo \ 
7 6 
FIG. 4. 
Movements of C. of P. and wing inelinations 
(no forward velocity). 
N.B.—Note feathering action of wing about (9). 
/ 
| | | 
| 9 
4 
HENS i) 
6 
Fic. 5 


Movements of C. of P. and wing inclinations 
(forward velocity included). 
N.B.—Note the feathering action of wing about (9). 


3rd.—Method of Propulsion.—Figs. 4 and 5 show how the blow struck 


by the wings is generated. Fig. 4 shows the movements of the 
centre of pressure and the inclinations of the wing during a down 
and up stroke when the forward velocity of the bird is not taken 
into consideration, while Fig. 5 shows the trajectory, etc., when 
the forward motion is included. It will be seen that most of the 
propulsive effort is done on the down stroke, very little if any being 
carried out on the up stroke. It is therefore usual for purposes of 
calculation to assume that all the work is done on the down stroke 
and this course is followed in the calculations given below. 
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IV.—The Forces Acting on a Bird in Flapping Flight 

6. These are shown in Figs. 6, a, b, and are of course similar to those acting 
on an aeroplane. 
A 
A 
/ 
/ 


/ 


| 

| 

| 
Y 
Ww 


Fic. 6A. 


In 6a, F is the resultant of the air force and A=Fcosa=W while 
R=F sina=r,+r,=wing resistance+body resistance. 

In 6b, E is the resultant produced by the down stroke; W=E cosa, and 
Esina=T=t,+t,, these latter being the thrusts required to overcome the wing 
and body resistances. TJ must of course=R and R/W =gliding angle. 


V.—Caiculation of the Velocities, Power, etc., of Birds in Flapping Flight 


7. Certain data are required for calculation purposes, the usual nomenclature 
is as follows :— 
W=weight of the bird. 
B=number of flaps per sec. 
H=amplitude of wings. 
t=time of down stroke=1/2B. 
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S=surface of two wings=1 metrexS metres=1 metre breadthxS 
metres transverse width. 

S,=maximum cross-section of body. 

U=velocity of rotation of centre of pressure of wing. 

p=weight of c.m. of air/g=.125=}. 

V=velocity .of the bird. 


Assumptions made:— 


1st.—All the work is done on the down strokes. 

2nd.—U =2BH, as explained above. 

3rd.—K, =coefficient for a curved surface moving in the vertical velocity 
U=n. 

4th.—The efficiency of bird as a machine=1. 


Rules 


Rue No. 1.—To find the value of U from observation of a bird in flight. 
Note the number of beats per sec. and the wing amplitude H (best seen from 
behind) then 
U=2BH (1) 
For great accuracy the cinematic method is best. 
RvuLE No. 2.—To find the relation between U and V by calculation. 
This given by the equation 


— 


The explanation of this is as follows :— 
Transposing (2) 
/H=pSU?V x U/H=pSU?V x 1/t=pSU?V x 2B 


or 
2W x 1/2B=pSU?V 
or 
weight to be lifted per stroke x time of down stroke 
=pressure of air driven downwards in the velocity U on the surface S, 
when the bird is flying horizontally with velocity = V 
or 
Considering each member of the equation F,=21V. 


Since the work per sec.=WU=W x2BH, work per stroke=(W x 2BH/B) 
=2WxH, but H=amplitude of the down stroke, hence weight to be lifted=2W, 
as shown by _Lilienthal. 

F, x t=impulse=2W x 1/2B 
P=pSU*V, the force generated by the wing stroke moving with vertical velocity 
=U and horizontal velocity =V. 

The reason why V enters the equation is as follows :— 

When a surface S=(metrex Sm) is moving downwards with velocity JU, 
but without any horizontal velocity, 

pressure, on S=px volume of air put in motion per sec. x U, 
=pxblock of air 1xSxU, 
=pSU,? (a generally accepted formula), 
but if the surface S has also a horizontal velocity=V, the volume of air, or block 
of air, put in motion is V x Sx U,. 
Hence 
pressure, on S=pxVxSxU, 


et 
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so that the general equation for 
P=pSU?V 
And since U=2HB 
2W=pSVU? x 2B=pSVU?xU/H 

and 

U= (2WH/pSV) 
which gives the desired relation between U and V. 

RULE No. 3.—To find the resistances R, r,, r,, and the work done in horizontal 

flight from IV. above, 


work=RV=(r,+1.) V 
but 
r,=(U/V) W 
Assuming with Lilienthal that Kp, =1/16 
R=WxU/V+(1/16) pS,V? 
Substituting the value of U’ from (2) equation, 
G3) 
when 
C, H ps and Os 16) pS, 
and 


work=RV=W x WC, ‘ (4) 
Rute No. 4.—To find V,=velocity of least power, 
work=W x ¥C, x 
This will be a minimum when the first differential=o or 
—4xWx V/C,x1/V,4/ + 3V,2C,=0 
Hence 
Substituting this value in equation (4) gives the power required at this 
velocity. 
RULE No. 5.—To find the velocity V,, the velocity of least resistance or 
cruising speed, and the smallest gliding angle. 
This will be found to be 
and the work is given by substituting this value V, in equation (4). 
The smallest gliding angle 
RULE No. 6.—To find the ratio of V, to V, from (5) and (6) 
RULE No. 7.—To find the gliding angle at any velocity=V. 
Gliding angle=R/W 
being the total resistance for velocity =V. 


VI.—The Limitations of the Power of Birds 


8. The Report above mentioned gives the weight of the muscles of a large 
number of birds, but unfortunately the actual power which, say, 1 kilogram of 
muscle can exert, is not at present known, and consequently the details given 
cannot be directly used for calculation purposes. But since all animal tissue 
seems to have much the same properties, it is reasonable to suppose that if the 
“‘ ordinary power,’’ viz., the power of least work, is known then the ‘ variational 
power ’’ may be taken approximately as the same as that of a man. It is well 
known that a man, for a few seconds, can exert eight or nine times his ordinary 
power (9 kilogramettes), and applying this to a bird, the following table gives the 
details required. 
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TABLE III. 

POWER REQUIRED FOR FLIGHT UNDER CERTAIN CIRCUMSTANCES, n 
Least power (bird just flies on level) ... F kilogramettes. ; 
Power of least resistance = as 1.93 F kilogramettes. 

Maximum power bird can exert— 
Best fliers... 8 to 9 F kilogramettes. 
Medium fliers 3 to 5 F kilogramettes. 
Inferior fliers 24 to 3 F kilogramettes. 
NotE.—The best flying birds have very supple wing joints, but medium and 
inferior birds are too stiff in the joints to fly well. I 
V1II.—Remarks Upon the Results Obtained ‘ 


g. In the case of the Teal the results are given in Table II. It will be ¢ 
seen that the minimum work=.34060 kilogramettes, at V,=17.56 m. (39.38 
m.p.h.), while at V,=33.96 m. (75.97 m.p.h.) the power required=.4896 kilo- f‘ 


gramette. The best gliding angle is at V, and=118.7. The maximum velocity ( 
of which the bird is capable appears to be about 76 m. (170 miles per hour) and the f 
work done is then about eight times that required for the velocity V,. These t 
results seem to agree fairly well with Portal’s measurements (see ‘‘ Amid the I 
High Hills,’’ by Fraser), viz., 68 m.p.h. for a considerable period, and Gould’s ¢ 
measurements of 140 to 180 miles per hour for short periods of 20 to 25 seconds. [| | 
As regards the other birds for which calculations have been made, the fol- I 
lowing are the summarised results :— ¢ 
Stork.—V,=14.6 m. (32.65 m.p.h.), Vp»=28.3 m. (63.3 m.p.h.), the power 
executed being 7.83 kilogramettes for the former and 11.33 kilogramettes for the ( 
latter. The highest possible velocity seems to be about 35 m. (78.3 m.p.h.), § 
the power then executed being about 16.2 kilogramettes, or a little over 2 F. Best i 
gliding angle at V,=1/r10. t 
These results seem to be fairly good, possibly rather high, as these birds 
cannot accelerate very much. Lilienthal reports seeing storks advancing against t 
a 20 m. wind. 
Grouse.—V,=16.45 m. (35.6 m.p.h.); V,=31.8 m. (71.4 m.p.h.). At DV, 


power=1.98 kmt. and at V, 2.57 kilgmt. The best gliding angle=1/r15. 
[hese birds cannot accelerate very much, so V, is probably about their maximum 
speed. According to Portal this speed is about 60 m.p.h.; Harting made one t 
measurement=62 miles per hour, so above results are probably rather too high. 

Common Swift.—V,=8.96 m. (20.1 m.p.h.); V,=17.3 m. (38.7 m.p.h.). 


Power at the former speed=.o29 kilgmt., at the latter .o42 kilgmt.; best gliding . 
angle=113.7. Maximum velocity about go m. (89.5 m.p.h.). In the Report” 
29 m.p.h. is given as the best speed, but the birds were tested through screens 
and were probably not flying at their fastest pace. | 
Starling.—V,=8.02 m. (17.93 m.p.h.); V,=15.5 m. (34.7 m.p.h.); probable 
highest velocity=20 m. (44.7. m.p.h.). Power at V,=.099 kilgmt.; at 
V,=.13 kilgmt. Best gliding angle=1/1o. ‘‘ Report’’ gives 45 m.p.h. as a 


maximum for this bird. Meinhertzhagen gives 38-49 miles per hour for every- 
day purposes and migration, so results may be rather low. 


V1III.—Concluding Remarks | 


The results obtained by the method of calculation explained above seem to 
be satisfactory, as they agree very fairly well with the velocities obtained by 
sportsmen accustomed to estimating the speed of birds in flight. It is important 
to recollect that the results are for wild, strong birds flying in the open, and that 
the highest speeds can only be maintained by them for a very short time. 
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It is to be hoped that tests on model birds, with flexible wings, will be 
made in a wind tunnel and accurate measurements of the velocities, etc., carried 
out by experts. Particular care should be taken to see that the wing positions 
are correct, and to ensure this the aid of a naturalist should be called in. 


Notes By Oscar F. GNOSSPELIUS. 


The paper by Colonel Fullerton on the flight of birds is of great interest. 
It is a subject to which I have given considerable thought and there are certain 
points with which I do not quite agree. 

It is interesting to note that Colonel Fullerton has come to the conclusion 
that birds at times can attain very high speeds. After some observation I have 
come to the same conclusion myself. 

If we deal with the paper in detail, take paragraph three, statement two. 
That a bird's wings are flexible, I fully admit, but I cannot see how the camber 
of the wing, which is caused by the natural curvature of the primary and secondary 
feathers, can possibly be controlled by the bird in flight as there is no mechanism 
to do it. The only possible cause for a change of curvature of these feathers 
must be variations of air pressure on them and, as the weight of the bird is 
constant, it does not seem possible that these variations of pressure can be very 
large, hence the variations in camber cannot be great. Also there seems little 
mechanism to control the angle of attack of the wing and from this one would 
expect that the wing automatically adopts the best angle. 

With regard to the body of the bird it is interesting to observe how the 
cross sectional area of the body is increased by the feather fairing to a much 
greater extent than appears necessary to obtain a fair form. It would seem as 
if nature desired an actual increase in the size of the body. This point is hard 
to reconcile with a natural desire for a reduction of resistance. 

With regard to the question of the number of wing beats per second and 


the vertical velocity of the centre of pressure of the wing. The formula U=2BH 
assumes uniform velocity during the up and down stroke, in fact it gives a mean 
value of LU’. If we assume, however, simple harmonic motion for the wing as 


indicated in Fig. 5 of Colonel Fullerton’s paper, the maximum value of U will 
be 1.57 times that given by the formula, and as U? comes into the calculations 
the maximum value of U? will be nearly 2} times as great under these assump- 
tions, also the mean value of U? is 1.25 times as great. 


This is a fairly large quantity and must involve some error. At the same 
time it is obviously much more difficult to treat U as a variable and the error 
introduced may not be serious. Also we have neglected the motion relative to 


the bird’s body in a fore and aft direction of the wing during the stroke, and 
Prof. Marey has shown definitely that at least during the commencement of a 
bird’s flight this motion is greater than that in the vertical direction. 

Paragraph five. I have already shown that the equation [7=2BH can only 
be an approximation. Further, in the reasoning I have never been able to see 
why Lilienthal concluded that the weight to be lifted on the down stroke was 


2W. I cannot see, as we are dealing with horizontal motion through the air 
as well as vertical motion of the wing relative to the bird, why the weight should 
not be supported on the up as well as on the down stroke. To my mind this 


is simply a matter of angle of attack; the bird at the end of the down stroke 
increases its angle of attack, the force on the wing becomes greater than the 
weight to be supported, and the wing rises relative to the bird. 

We now come to the relation between U’ and V. 

Colonel Fullerton comes to the conclusion that the pressure on the wing 
P equals pSU?V. 
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Why should the pressure (or force) on the wing depend on the square of 
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now examine the final results obtained, what do we find? 
have two different culated, one for the velocity of least power 
1e velocity of least resistance; the one is kilogramettes anc 


kilogramettes as roughly the power exerted by the stork in flig] 


Earlier in the paper we find a value of 9 kilogramettes given as the power 
a man can exert; this agrees fairly 
second or 9.9 kilograme This figure is the best observed value for a man 
working for an eight-hour day. 

Che only possible deduction from these figures as far as I can see, as Colonel 
i a bird like a man can exert exceptional power for a short 


light of common sense this m 
uuld suggest to anyone holding the 
Natural History 


unk that anvone ca 


at birds have these exceptional 


dimensions of 
structural strength of their framework without being impressed with the 
this conclusion. 

this subject I have attacked the problem in a different 
have endeavoured 


he same aerodvnamic characteristics as ; 


re found in the best possible 
aeroplane we can now imagine. obtained in this wav some figures whic 
were chosen from the report of the Bird Construction Committee, 
a range of weight as possible, namely, the albatross, wild 
assumed that their wings had the aero- 
properties of R.A.F 


performance curves for these birds, no correction being 
From these curves I found the minimum 
1e question of power 
as I can find no definite figures for the highest speed 
lat it is almost impossible to ensure that 
laximum speed : 
however, what do we find? 

i ; minimum power required 
number of pounds per horse power with which the 


is well known oplane design. 


the maximum wegen per norse power varies inversely 


as, generally speaking, the smaller birds 


pound than the larger 


weight to power exerted 


1K 


544 THE JOURNAL OF THE ROYAL SOC/ET) 
the other 11.3 kilogramettes. Let us take the mean of these values or 9.56 
| 
period, is that a stork is about as strong, t.e., can do as much work as a man 
and viewe{ ust be wrong. 
streneths 3 f the British Museum at South : 
Kensington. I do not | i stand before the cases of specimens ; 
ol large 
and the 
obvious J 
Bel 
manner, 
shi form. 
the worked Oo 
made for aspect rati 
Nowe! required io 
required at maximum 
attained b birds, an 
bird is fy ing at its 
If we take the n 
Fake the weight 
and we gel the max 
We find then that xe 
eon f irhtiv loaded pe square foot of wing area than the larger ones, it 
les. ihe actual oO are snown In the attached 
Irves. 
ii we take the larger birds, a wild swan has to exert a minimum of .177 h.p. 
I 
nd stork .o52 h.p 


THE FLIGHT OF BIRDS O45 
€ of 
As Slan [bes figure) 
peed 
by Curves showing power recessory fo be exeled by 
ssion assuming normal Wing end Body Fesislance 
iper | 
Z 
| B Wwegh/ 1 
ower 900 | Saf? 
] 
g.50 
800 
man 
Suan fold) 20:7 
lonel OES 28 0 3:22 
hort 700 Ss 
man 
. 
onal 
1 
nens 600 
ures 
the 
rent 
if it 
sible 
hich 
400) 
tee 
wild 
ero- 
| 
NI 
sod 
| 
wer | 
eed 200 
it a 
| 
| 
ired 
the 
| 
sels 
it : 
ger 
hed 
Speed of im per second 
1.p 


YIIM 


546 THE JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


A man can exert over-an eight-hour day, under the best conditions, .1 
(Rankine). 

Therefore a wild swan can do .173/.13, or 1.36 times the work a man can 
do, and a stork can do .052/.13, or .4 times the work of a man. 

These figures are lower than Colonel Fullerton’s, but still I cannot believe 
that they really represent the power which these creatures can exert. 


It appears to me to be much more likely that the true answer is that these 
creatures fly more efficiently, /.c., have a far better gliding angle than we have 
so far attained. 

It is of interest to note that when stuffed birds have been tested in wind 
tunnels the results obtained have been much worse than those obtained from 
model aeroplanes, in fact the minimum power figures would have to be multiplieu 
by about 3, making the necessary strength of the bird still greater. 

It is argued by some authorities that birds are as strong as is indicated by 
these calculations and that the strength per pound of animals increases as the 
weight decreases. How then is it that the smaller birds have to do less work per 
pound than the larger birds? If smaller birds were stronger per pound weight 
thev should fly much faster and better than larger birds, and I can see no 
evidence of this. 

1 will admit that the bird has a very well developed pectoral muscle, as is 
to be expected seeing that it uses its wings and not its legs for.its chief mode 
of progression; but Prof. Marey, who has studied the subject from a physiological 
point of view, shows experimentally that a bird’s muscle has no greater specific 
strength than that of mammals (see Marey’s *‘ Le Vol des Oiseaux,’’ page 92). 
There is not therefore any definite evidence that a bird is specifically stronger 
than any other animal. 

If we examine the bird’s structure to see if there is anything strikingly 
different from that of our aircraft, what do we find? ; 

There is one point in the wing framework which is very different. Designers 
of aircraft know, from sad experience, that they have to put in very heavy rear 


spars to their wings. The bird’s wing has no rear spar and what is more the 
front spar for a considerable portion of the wing is practically coincident with 
the leading edge. Near the body at the elbow the spar or bone is more nearly 


at or about the position where we should expect to find the centre of pressure. 

If the centre of pressure on the wing in a fore and aft direction were where 
we should expect it to be, from the known position of this point found by 
experiment on models, there must exist a very severe torque on the wing bone 
or spar. To me it seems. unthinkable that this torque can exist. Surely nature, 
during the enormous time birds have had to develop, could have devised some 
expedient such as growing feathers on the front of the bone as well as behind it 
which would have caused the spar position to coincide with the normal centre of 
pressure and so avoid this torque. 

It seems to me much more likely that the spar position does coincide with 
the centre of pressure on the wing and if this is the case it must mean a reduction 
of the drag forces. 

Is there anything else in the wing structure which differs fundamentally from 
our aircraft? It seems to me that the answer to this question lies in the feather 
structure of the wing which we do not copy, and it is just where this feather 
structure is most pronounced, namely, towards the tip of the wing, that the spar 
is in its most forward position. 

It is noticeable that the feather structure of all birds, of whatever size, is 
almost identical, the very number of the primary and secondary feathers is 
practically constant. 

Prof. Marey’s photographs show clearly that while in flapping flight the 
primary feathers of a bird are distinctly separated. 
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Is it not possible that such a multivane wing, if constructed correctly, might 
give remarkable results? 

We know that Mr. Handley Page, by constructing a few rough feathers 
and arranging them in a certain manner, has been able to multiply the lift 
coefficient by approximately 3. With this disposition, however, the drag co- 
efficient is multiplied by about 9. Hence the ratio of lift to drag has been 
reduced to about 5 to 1, thus reducing the practical value of the discovery. It 
appears highly probable that a correct feather disposition might reduce the drag 
forces and thus improve the ratio of lift to drag. 

It is unfortunate that our aeronautical authorities appear to think that no 
improvement in this vital ratio of lift to resistance is possible. In dealing with 
so new a subject as aeronautics, the argument that what has not already been 
done is not worth attempting is unscientific to the highest degree, 

Could not the Society deal in a more worthy manner with this important 
branch of research and, since experiments cost money, find some small fund for 
the investigation of this practically untouched field of research. 


Oscar F. GNOSSPELIUS. 
August 6th, 1925. 


A paper on “ The Flapping Flight of Birds,” by Professor Sir Gilbert T. Walker, 
C.S8.1., Sce.D., F.RLS., will appear in the November Journal.—Enpitor. 
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REVIEWS 


An Introduction to Fluid Motion 
W. N. Bond, D.Sc., F.Inst.P., etc. Price 5/-. Arnold, 1925. 

The author states that this book, ef 94 pages, is neither text-book nor manual, 
but a guide to the advanced study of fluid motion which, he holds, should absorb 
the abstractions of rational hydrodynamics and its empirical relations of hydraulics 
in a single physical science. The general equations of fluid motion are not given, 
a bare reference being made in Chapter I. to standard works. Bernoulli's 
theorem is established for ideal tubes of flow and the free surface of a fluid 
rotating uniformly, under gravity, in a circular cylinder is obtained. 

In Chapter I]. methods of measurement of pressure differences by manc- 
meter are described and the principle of the Ventine tube is discussed. ~There 
follows a section on the so-called ‘‘ method of dimensions ’’ with reference to 
flow through orifices and critical velocities in smooth pipes, as first shown by 
Osborne Reynolds. 

Chapter III. gives the elements of wave theory and then returns to flow in 
channels and over weirs. 

Chapter IV. goes further into dynamical similarity (method of dimensions) 
as applied to the resistance of a body moving in a fluid, 

Chapter V. deals with compressibility and establishes the ideal equation of 
flow from a nozzle. 

The references to experimental work, both classical and recent, are extensive 
and for the most part well chosen, but no reference is given to Taylor's successful 
mathematical analysis of the observed fluid motion between conical circular 
evlinders in rotation, nor to Prandtl’s systematic development of Lanchester’s 
theory of wing lift and resistance. Yet these two authors offer particularly 
striking examples of the union of mathematical analysis and empirical measure- 
ment in a physical theory. 

It is doubtful if the pass degree standard accepted by the author will carry 
a reader very far, but those who are reading on a sound honours standard may 
very profitably use this book and its references as an introduction to the serious 


study of hydrodynamics. 


Ders Leichtflingzeug 
Dr. Ing. W. v. Langsdorff. 

An immense amount of detailed information has been compiled within the 
178 pages (the 121 photographs and sketches and the numerous tables) of this 
valuable handbook of light aeroplane practice. 

English, German and French constructors previde roughly one quarter each 
of the total number described, the U.S.A., Italy, Holland and other countries 
supplying the remaining quarter, 

The table opposite p. 144 sums up most of the information in compact form. 
The total weights vary from 120 kg. with 9 h.p. to 360 kg. with 22 h.p., and 
the power from 4 h.p. (180 kg. total weight) to 28 h.p. (260 and 290 kg. total 
weight). The average power is 17.5 h.p. 

Sufficient data are tabulated to bring out clearly the general trend of design 
and the individual departures from the average, and the book should find a 
place in every designer’s library. 
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